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SECT  ON  A 

INTROD  CTION 

A  growing  and  affluent  society  is  creating  an  ever  increasing  need  for  energy. 
Attention  has  focused  on  the  energy  f ue ;  sources  of  the  Western  States,  pri- 
marily the  Rocky  Mountains  and  the  Northern  Great  Plains  Coal  Provinces,  due  to 
the  abundance,  ease  of  extraction,  and  quality  of  the  resources  in  these  areas. 
It  is  the  responsibility  of  the  Bureau  of  Land  Management  (BLM)  to  assist  in 
meeting  these  energy  demands  and,  at  tht;  same  time,  provide  sound  reclamation 
and  rehabilitation  guidelines  so  that  disturbed  lands  are  returned  to  a  useful 
state. 

Objectives 

The  principal  objective  of  this  report  is  to  assure  adequate  baseline  physical 
and  chemical  data  for  choosing  reclamation  goals  and  for  establishing  lease 
stipulations  for  energy  mineral  exploration,  mining,  and  reclamation,  j^/ 

Other  objectives  include: 

A.  Provide  data  to  minimize  environmental  impacts  from  surface  mining  of  energy 
minerals  on  public  lands  administered  by  the  BLM. 

B.  Provide  environmental  resource  information  needed  to  implement  effective 
reclamation  programs. 

C.  Provide  resource  and  impact  information  for: 

1.  Preparation  of  Environmental  Analysis  Reports  (EAR)  and  Environmental 
Impact  Statement  (EIS). 

2.  Use  during  site  selection  within  the  Secretary's  energy  leasing 
programs. 

3.  Support  of  State  and  local  regional  development  and  land  use  planning 
efforts. 

Authority 

Public  Land  Administration  Act  of  July  14,  1960  (74  Stat.  506),  and  The  Surface 
Mining  Control  and  Reclamation  Act  of  1977  (Public  Law  95-87). 


V  The  abbreviation  EMRIA  (Energy  Mineral  Rehabilitation  Inventory  and  Analysis) 
is  used  often  in  this  report.   EMRIA  is  the  old  name  of  the  program  under 
which  this  report  was  prepared.   Preparation  of  the  report  was  too  advanced 
to  delete  the  term. 
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Responsibilities  V 
Bureau  of  Land  Management 

A.  Selects  reclamation  study  areas  for  coordinated  investigation  of  vegetation, 
soil,  geological  structure,  surface  water,  and  ground  water. 

B.  Acts  as  contracting  officer  in  the  coordination,  establishment,  and  execution 
of  work  orders  (contracts). 

C.  Reviews  and  consolidates  work  order  and  field  office  data  and  prepares 
information  for  reports  published  by  the  Bureau  of  Reclamation. 

D.  Distributes  technical  data,  reports,  and  reclamation  and  rehabilitation 
recommendations  to  BLM  field  offices. 

Bureau  of  Reclamation  (BR) 

A.  Evaluates  land  and  overburden  **/  as  a  source  of  suitable  planting  media  in 
a  revegetation  program. 

B.  Prepares  soil  inventories. 

C.  Recommends  to  BLM  district  office  suitable  plant  species  for  areas  to  be 
revegetated. 

D.  Obtains  core  samples  of  bedrock  overburden,  coal,  and  bedrock  immediately 
below  coal. 

E.  Installs  casing  in  holes  selected  for  ground  water  observation  wells. 

F.  Prepares  a  written  and  graphic  description  of  pertinent  geologic  aspects  of 
the  study  area. 

G.  Advises  BLM  district  office  on  reclamation  techniques. 
H.   Publishes  resource  and  potential  reclamation  evaluation. 


^_l   Because  different  authors  prepared  different  parts  of  this  report,  conclu- 
sions in  one  part  of  the  report  may  not  completely  agree  with  those  in 
another  part. 

**/  Overburden  is  the  consolidated  material  (bedrock)  and  unconsolidated 

material  (surficial  materials,  such  as  soils,  usually  overlying  the  bedrock) 
overlying  the  coal. 
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Geological  Survey  (GS ) 

A.  Assesses  reclamation  potential  based  on  available  water,  on  effects  of  sur- 
face mining  on  area  hydrology,  and  on  measures  required  to  prevent  adverse 
effects  on  area  hydrology. 

B.  Estimates  annual  runoff  and  peak  flows. 

C.  Collects  and  interprets  data  to  predict  alternative  solutions  to  ground 
water  problems  encountered  during  mining  and  reclamation. 

D.  Implements  monitoring  system  to  define  baseline  conditions  and  to  document 
ground  water  flow  and  quality  changes  caused  by  mining  and  reclamation. 

E.  Prepares  potentiometric  maps. 

F.  Prepares  geophysical  well  logs. 

G.  Estimates  coal  resources. 

H.   Performs  laboratory  tests  on  coal  resources. 

I.   Presents  results  of  laboratory  tests  on  coal  resources. 

Qjo  Encino  Study 

Fieldwork  for  the  study  was  conducted  from  June  1978  to  November  1979. 
Laboratory  work  and  office  evaluations  were  conducted  from  February  1979  to 
May  1981. 

Location  and  Setting  _/ 

The  study  area  is  located  about  70  miles  southeast  of  Farmington,  New  Mexico 
(see  report  cover  and  figure  A-l). 

Coal  deposits  west  of  the  study  area  have  been  under  lease  since  August  1961. 
Areas  to  the  northwest  are  under  preference  right  lease  application.   Present 
and  future  energy  demands  have  provoked  increased  interest  in  the  strippable 
coal  in  the  study  area  and  surrounding  areas.   There  has  also  been  some  drilling 
for  oil  near  the  study  area,  and  oil  and  gas  drilling  is  beginning  to  increase 
in  the  area. 

Coal  outcrops  are  evident  on  the  study  area.   Local  Indians  have  mined  coal 
outcrops  for  many  years  as  fuel  for  cooking  and  heating. 


V  Taken  in  part  from  the  Environmental  Assessment  Report  dated  3-21-78  and 
Land  Report  dated  2-9-78,  both  prepared  by  Timothy  Kreager,  Farmington 
Resource  Area  office,  BLM. 
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Currently,  the  study  area  is  used  for  livestock  grazing.   Indians  in  the  area 
depend  on  goats  and  sheep  for  income  and  have  horses  for  herding  purposes. 
Other  ranchers  in  the  area  raise  cattle. 

Five  archeological  sites  have  been  identified  in  the  study  area,  and  other 
archeological  and  paleontological  sites  are  known  to  exist  in  the  surrounding 
area. 

The  study  area  also  has  value  for  hunting,  rock  hounding,  and  recreation.   The 
present  cultural  value  of  the  study  area  would  be  considered  as  rancher- 
recreation  related.   Education  and  scientific  values  would  be  primarily 
geological  in  nature.   The  study  area  is  not  considered  to  have  any  wilderness 
characteristics. 

The  esthetics  of  the  study  area  are  not  exceptional  due  to  heavy  grazing  in  the 
area. 
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Tsj    SAN  JOSE  FORMATION: 

Massive,  thick-bedded  sandstone  and  interbedded  lenticular  shale 

Ttp   NACIM1ENT0  FORMATION: 

Varicolored  shale,  siltstone,  and  mudstone  with  interbedded  and 
lenticular  sandstone  and  conglomeratic  sandstone 

KOO   0J0  ALAMO  FORMATION: 

Massive  sandstone,  conglomeratic  sandstone,  conglomerate,  and 
minor  shale 

Kmd   MCDF.RMOTT  FORMATION: 

Shale,  sandstone,  and  volcanic  debris 

KIRTI.ANP  FORMATION: 


Kk  a 
Kkf 


Includes  upper  and  lower  shale  members  (Kk),  and  the  Farmingtor 
sandstone  middle  member   (Kkf) 


Kf    FRU1T1.AN1)  IQRMATION: 

Massive  carbonaceous  shale,  sandstone,  siltstone,  and  coal. 
Kpc   PIC'lURKI)  CLIFFS  FORMATION. 

Predominantly  sandstone  with  minor  shale  and  siltstone 
Kl    I.KWIS  FORMATION: 

Predominantly  shale  with  minor  thin  siltstone  and  sandstone 

Kmv  MKSAVFRI'F,  GROUP,  UNI)  I  FFF RF.NTI  ATF.I): 

SJiale,  sandstone,  siltstone,  and  coal.   Includes  Mancos  shale  (Kn 
and  Dilco  coal  and  da  11  up  sandstone  members  (Kgd) 
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NOTE :   Reproduced  in  part  and  adapted  from:  New  Mexico  Geological 
Society  Guidebook  of  the  San  Juan  Basin,  First  Field  Con- 
ference, 1950,  Geologic  -Map  of  the  San  Juan  Basin,  by 
Caswell  Silver. 
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SECTION  B 

PRESENT  LAND  USE,  POSTMINING  LAND  USE,  AND  LEGAL  REQUIREMENTS 
PERTAINING  TO  MINED  LAND  RECLAMATION 

Present  Land  Use 

Present  use  of  the  study  area  is  for  livestock  grazing,  watershed,  and  wildlife. 
Production  levels  of  all  three  land  uses  are  quite  low  and  marginal.   Due  to 
poor  water  distribution,  the  number  of  animal  species  adaptable  to  the  area  is 
small.   Birds,  reptiles,  and  some  rodents  make  up  the  known  species  of  the  area. 
There  are  five  oil/gas  leases  and  several  powerlines,  pipelines,  and  telephone 
rights-of-way  in  the  study  area. 

Postmining  Land  Use 

According  to  the  Bureau  of  Land  Management  District  Management  Framework  Plan, 
land  use  of  the  Ojo  Encino  study  area  following  mining  would  be  grazing  of 
livestock  and  protection  of  watershed  and  wildlife  habitat.   The  plan  may  be 
inspected  at  the  Bureau  of  Land  Management  District  Office,  3550  Pan  American 
Freeway,  N.E.,  Albuquerque,  New  Mexico  87107,  and  at  the  Farmington  Resource 
Area  Headquarters,  900  La  Plata  Highway,  Farmington,  New  Mexico  87401. 

Legal  Requirements  Pertaining  to  Mined-Land  Reclamation 

If  the  Ojo  Encino  study  area  is  leased  for  coal  mining,  because  it  is  Federal 
land,  the  operator  of  the  mine  must  comply  with  Federal  regulations. 
Furthermore,  because  the  operator  will  not  be  an  instrumentality  or  agent  of  the 
Federal  Government,  he  must  comply  with  State  regulations.   There  do  not  appear 
to  be  at  present  any  local  regulations  concerning  mined-land  reclamation. 

Federal  regulations 

Major  Federal  coal  mining  operating  regulations  were  published  in  the 
Federal  Register,  vol.  41,  No.  96,  May  17,  1976  (part  II,  pages  20253-20273). 
Selected  passages  of  the  regulations  are  presented  in  section  0,  some  in 
modified  form.   Also  presented  in  section  0  is  the  proposed  regulation  Title  30, 
Chapter  VII,  Part  700,  Section  700.1.   Other  pertinent  Federal  regulations  were 
published  in  the  Federal  Register  in  vol.  41,  No.  90,  May  7,  1976  (pages  18845- 
18848)  and  in  vol.  41,  No.  105,  May  28,  1976  (pages  21779-21781). 

The  Surface  Mining  Control  and  Reclamation  Act  was  enacted  on  August  3,  1977; 

Office  of  Surface  Mining  final  rules  were  published  on  December  13,  1977,  in 

30  CFR  700;  and  BLM  final  rules  were  published  on  July  19,  1979,  in  43  CFR  3400. 

State  regulations 

Presented  in  section  0,  some  in  modified  form,  are  selected  passages  from  the 
regulations  of  the  State  of  New  Mexico,  Coal  Surface  Mining  Commission 
(effective  date — February  9,  1973),  pursuant  to  New  Mexico  Coal  Surface  Mining 
Act,  Chapter  68,  Laws  1972. 
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CONCLUSIONS  ON  STUDY  AREA  RECLAMATION  POTENTIAL 

Alternatives 

Four  alternatives  relative  to  postraining  reclamation  were  considered  and  are 
discussed  below:   (1)  no  raining,  (2)  natural  recovery,  (3)  total  revegetation, 
and  (4)  restoration  of  existing  levels  of  vegetation.   Alternative  (4)  was 
jointly  selected  by  BLM,  GS,  and  BR  as  being  the  most  reasonable.   This  alter- 
native is  disussed  in  detail  below. 

No  raining 

An  alternative  to  reclaiming  the  study  area  following  mining  is  not  to  mine  in 
the  first  place.   A  main  purpose  of  this  report,  however,  is  to  study  the  recla- 
mation potential  of  the  study  area  following  mining.   The  report,  therefore, 
assumes  that  mining  will  take  place.   However,  the  decision  whether  to  mine  has 
not  been  made  and  will  not  be  made  until  an  environmental  impact  statement 
studying  the  economic  and  environmental  impacts  of  strip  raining  at  the  study 
area  is  completed.   Therefore,  the  no-mining  alternative  is  not  discussed 
further  in  this  report. 

Natural  recovery 

This  alternative  assumes  that  Federal  or  State  regulations  would  allow  the 
alternative,  which  is  very  unlikely. 

Under  this  alternative,  materials  suitable  for  planting  media  would  not  be 
separated  from  unsuitable  materials.   Spoil  piles  would  simply  be  shoved  back 
into  the  pits  after  the  coal  has  been  removed,  minimally  graded,  and  left  for 
natural  revegetation.   Natural  revegetation  would  be  a  slow  process,  at  best,  in 
this  semiarid  region,  although  the  time  required  for  it  has  not  been  determined. 
Indeed,  these  spoil  piles,  consisting  mostly  of  materials  unsuitable  for  revege- 
tation, might  never  become  revegetated.   Through  wind  and  water  erosion,  unvege- 
tated  spoil  piles  could  contaminate  adjacent  unmined  land  areas  and  downstream 
water  supplies.   Local  wildlife  and  domestic  stock  would  be  deprived  of  vegeta- 
tion for  cover  and  grazing  until  vegetation  is  reestablished,   whatever  esthetic 
value  the  study  area  now  has  would  be  lost  because  the  existing  land  forms  would 
be  destroyed  and  the  new  ones  would  be  haphazard  and  subject  to  wind  and  water 
erosion  until  revegetation  occurs. 

For  these  reasons,  this  alternative  is  deemed  unrealistic  and  is  not  considered 
further  in  the  report. 

Total  revegetation 

At  present,  the  study  area  is  only  partially  vegetated.   Revegetation  of  the 
entire  surface-mined  area  could  be  very  difficult  because  this  would  require 
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that  the  entire  study  area  have  a  covering  layer  of  planting  media  of  adequate 
thickness  and  that  a  larger  supply  of  irrigation  water  be  available.   If  there 
is  insufficient  planting  media  within  the  study  area,  the  additional  planting 
media  would  have  to  be  borrowed  from  outside  the  study  area.   This  would  require 
another  land  classification  survey  to  properly  identify  suitable  soils.   If 
planting  media  were  found  and  transported  to  the  Ojo  Encino  study  area,  a 
revegetation  program  would  have  to  be  conducted  at  the  borrow  site. 

Therefore,  if  the  Ojo  Encino  study  area  is  entirely  revegetated,  the  revegeta- 
tion program  would  be  similar  to  that  for  restoration  of  existing  levels  of 
vegetation,  except  that  it  would  be  considerably  more  extensive  and  costly,  and 
the  two  major  limiting  factors  in  the  study  area — available  planting  media  and 
irrigation  water — would  assume  greater  importance. 

In  light  of  the  difficulty  of  restoring  existing  levels  of  vegetation  at  the 
study  area,  total  revegetation  of  the  study  area  may  be  unrealistic.   In 
addition,  restoration  of  existing  levels  of  vegetation  is  consistent  with 
understood  BLM  guidelines  specifying  that,  for  planning  purposes,  EMRIA  study 
areas  will  be  returned  as  nearly  as  possible  to  their  premining  condition  or  to 
a  condition  suitable  for  alternative  uses  identified  by  BLM. 

For  these  reasons,  the  alternative  of  total  revegetation  of  the  study  area  is 
not  considered  further  in  this  report. 

Restoration  of  existing  levels  of  vegetation 

Under  this  alternative,  the  entire  area  would  be  carefully  graded  and  existing 
levels  (at  least)  of  vegetation  would  be  restored;  grading  and  location  of  vege- 
tation would  not  necessarily  be  the  same  as  at  present.   Areas  not  revegetated 
would  be  reclaimed  so  as  to  minimize  erosion  and  then  allowed  to  naturally 
revegetate.   The  plans  presented  in  detail  below  (Land  and  Overburden  Conclusions 
(Reclamation  by  Restoring  Existing  Levels  of  Vegetation))  for  implementing  this 
alternative  could  be  carried  out  with  or  without  irrigation,  as  indicated. 
Since  revegetation  of  semiarid  areas  such  as  the  Ojo  Encino  study  area  is  dif- 
ficult, this  alternative  appears  to  be  the  most  logical  of  those  presented  and 
is  recommended  accordingly.   Recommendations  in  other  "conclusions"  subsections 
of  section  C  should  also  be  followed  for  successful  reclamation. 

Land  and  Overburden  Conclusions*  (Reclamation 
by  Restoring  Existing  Levels  of  Vegetation) 

Actions  during  the  premining  and  mining  periods 

Selection  of  planting  media.   Classes  1  and  2  of  the  surface  soils  of 
the  Ojo  Encino  study  area  appear  to  be  the  only  source  of  planting  media. 


Because  different  authors  prepared  different  parts  of  this  report,  conclu- 
sions in  one  part  of  the  report  may  not  completely  agree  with  those  in 
another  part. 
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These  soils  have  some  organic  matter  content  and  adequate  physical 
characteristics,  are  easier  to  physically  handle,  and  probably  already  contain 
native  seeds  which  would  aid  in  vegetation  establishment. 

The  soils  usually  occupy  upland  areas  consisting  of  mesas,  ridges,  and  elevated 
benches  of  the  study  area.   Just  before  starting  the  mining  operation,  a 
detailed  study  area  inventory  should  be  completed,  however,  to  pinpoint  the 
location  of  and  to  more  carefully  evaluate  the  planting  media  of  the  study  area. 

Laboratory  analysis  of  study  area  bedrock  overburden  indicates  that  it  is 
unsuitable  (as  defined  in  table  H-l )  as  planting  media  in  its  present  condition 
(see  table  N-8  for  results  of  laboratory  analysis).   However,  reclamation  (in 
the  same  geologic  material)  at  the  Navajo  Coal  Mine  near  Farmington  indicates 
that  revegetation  of  overburden  material  that  includes  this  bedrock  may  be 
possible.   Therefore,  further  studies  should  be  made  of  bedrock  overburden  at 
the  Ojo  Encino  study  area  to  determine  if  it  is  suitable  as  planting  media. 

A  comprehensive  test-plot  program  should  be  conducted  at  the  study  area  before 

mining  begins.  The  program  should  include  use  of  bedrock  overburden  as  a 

planting  media;  simulation  of  growing  conditions  and  techniques  appropriate  to 

the  study  area;  and  use  of  commercial  developments  for  erosion  control  and 
revegetation. 

Handling  and  placement  of  soil  and  bedrock 

Stockpiling  of  soil  or  bedrock  to  be  used  on  surface — Existing 
suitable  surface  soils  should  be  stockpiled  in  a  readily  identifiable  way  during 
mining  so  that  they  can  be  properly  placed  on  the  surface  during  final  forming 
of  a  reconstructed  landform.   Both  residual  clay  and  wind-blown  sandy  soil 
materials  occur  over  some  of  the  surface  of  the  study  area.   It  is  essential 
that  each  of  these  soil  materials  be  removed  and  stockpiled  separately.   During 
stockpiling,  the  suitable  planting  media  must  be  separated  from  the  unsuitable, 
and  contamination  kept  to  a  minimum.   All  stockpiles  must  be  protected  from 
erosion.   Long  axes  of  the  stockpiles  should  approximate  the  prevailing  wind 
direction  to  minimize  wind  erosion.   Undue  compaction  of  planting  media  should 
be  avoided  during  handling. 

Probable  resulting  soil  profile — Since  suitable  planting  media  may  be 
limited,  the  reconstructed  soil  profile  may  be  somewhat  shallow.   Some  of  the 
vegetation  at  the  study  area  is  found  on  areas  with  less  than  18  inches  of  soil 
material.   There  are  also  partially  barren  areas  where  sparse  vegetation  grows 
on  very  shallow  eolian  deposits,  sometimes  less  than  12  inches  thick.   These 
examples  of  existing  vegetation  indicate  that  a  large  amount  of  planting  media 
is  not  needed  for  the  growth  of  some  plant  species. 

Almost  all  the  planting  media  will  have  some  coarse  textures  with  variable 
hydraulic  conductivity,  but  some  of  the  planting  media  will  have  medium  to  fine 
textures  with  limited  permeability.   The  planting  media  should  be  spread  in 
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strata  so  that  a  foot  or  more  of  the  finer  textured  soils  are  near  the  bottom 
(to  impede  permeability);  on  top  of  that  layer  should  be  placed  12  to  16  inches 
(b  inches  minimum)  of  sandy  material  composed  of  particles  of  various  sizes. 

Some  sodic  and  saline  soils  will  be  included  in  the  planting  media  but  will  be 
within  the  suitable  category.   Indeed,  the  sodic  soils  may  be  an  asset  in 
establishing  and  maintaining  vegetation  because  sodic  conditions  impede  moisture 
movement  in  soils,  reducing  the  rapid  permeability  of  the  coarse- textured  soils. 
Some  materials  classed  as  6  because  of  high  sodicity  could  be  used  as  a  barrier 
and  planting  media  distributed  over  this  barrier.   Moisture  would  accumulate  in 
the  planting  media  and  be  more  readily  available  to  vegetation. 

Placement  and  isolation  of  toxic  materials.   A  major  factor  to  be  con- 
sidered during  handling  of  overburden  will  be  the  proper  disposition  of  toxic 
materials.   Laboratory  analyses  and  greenhouse  studies  of  the  overburden 
material  sampled  in  1978-79  provide  information  on  toxic  materials  at  the  study 
area.   This  information  and  field  observations  reveal  that  much  of  the  soil  and 
bedrock  overburden  at  the  Ojo  Encino  study  area,  while  not  toxic,  is  sodic  or 
saline.   A  detailed  inventory  of  the  study  area  may  reveal  toxic  elements  not 
disclosed  in  these  first  analyses,  but  this  is  not  likely. 

All  materials  identified  as  toxic  before  and  during  mining  should  be  stockpiled; 
isolated;  protected  to  prevent  contamination  of  water  supplies  and  potential 
planting  media;  and  placed  after  mining  below  root  zones  so  as  to  preclude  con- 
tamination of  water  supplies. 

Grading.   One  objective  of  replacing  overburden  and  reshaping  topography 
should  be  (a)  the  creation  of  final  topography  which  will  blend  with  the  form  of 
the  adjoining  undisturbed  landscape  and  (b)  the  reestablishment  of  a  positive 
surface  drainage  pattern.  Reshaping  to  blend  may  not  always  be  desirable, 
however.   It  should  be  possible  to  reduce  the  steeper  slopes,  which  are  usually 
of  relatively  short  reach.   This  reduction  of  slopes  would  lessen  erosion 
hazard,  increase  the  chances  of  successful  revegetation,  and  reduce  operational 
problems. 

Well-planned  grading  will  promote  full  use  of  local  precipitation  for 
establishing  and  maintaining  vegetation.   This  could  be  accomplished  by 
constructing  a  series  of  shallow  depressions  and  diversion  structures  and  by 
contour  furrowing.   If  the  landscape  is  arranged  for  natural  rainfall  collection, 
plants  may  take  advantage  of  the  rainfall  to  increase  their  chances  of  survival 
after  irrigation  (if  used)  is  discontinued. 

Slopes  should  not  be  steeper  than  3  to  1,  and  wherever  possible,  should  be  4  to 
1  or  5  to  1.   Final  grading  should  assure  that  no  flat  areas  are  created  which 
will  pond  water  unless  temporary  ponding  is  a  part  of  the  precipitation 
collection  plan  or  erosion  control  program.   Thus,  if  sand  is  not  available  for 
planting  media  in  some  areas,  it  would  be  advisable  to  surface  these  areas  with 
finer-textured  materials  graded  so  that  the  surface  is  almost  flat.   Runoff 
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could  be  reduced  by  treating  the  surface  with  an  Arcadia  furrower  so  that  all 
the  water  falling  on  a  site  is  retained  until  it  infiltrates  the  soil.   Water 
would  be  stored  at  shallower  depths  than  in  sandy  soils,  and  a  higher  proportion 
of  this  water  would  be  evaporated  instead  of  transpired.   Xerophytic  shrubs  and 
possibly  certain  short  grasses  could  survive  under  these  conditions. 

Drainageways  should  be  provided  with  grades  flat  enough  to  prevent  gullying  and 
excessive  channel  erosion.   Flow  retarding  structures  may  be  desirable. 
Resulting  stream  channels  should  have  slopes  equal  to  or  less  than  those 
occurring  before  mining.   Contour  furrowing  or  some  other  practice  should  be 
done  to  temporarily  minimize  runoff  until  a  grass  cover  has  been  established. 

Grading  plans  should  provide  for  permanently  conducting  drainage  from  escarpments 
across  the  reclaimed  area  or  for  permanently  diverting  the  drainage  around  the 
unclaimed  area. 

Topographic  plans  for  the  finished  areas  should  maximize  north-  and  east-facing 
slopes.   South-  and  west-facing  slopes  are  traditionally  drier  and  hotter  in 
this  area,  thus  making  them  more  difficult  to  revegetate. 

Sculpturing  (excessive  manipulation  or  grading)  of  the  planting  media  should  be 
avoided.   A  test-plot  program  should  provide  information  on  effective  grading 
techniques.   Placement  of  planting  media  should  be  avoided  during  windy  periods. 

Actions  during  the  postmining  period 

Evaluation  of  surface  material  for  revegetation.   This  subject  was  intro- 
duced above  in  "Actions  during  the  premining  and  mining  periods."   The  surface 
material  used  for  planting  media  would  be  predominantly  coarse  textured.   Some 
mixing  of  classes  may  be  desired  in  order  to  acquire  a  more  suitable  texture, 
although  doing  so  may  lower  the  overall  quality.   Also,  combining  of  classes 
into  layers  to  promote  utilization  of  irrigation  or  rainwater  will  be  desirable. 
All  planting  media  classed  as  suitable  will  support  sufficient  vegetation  for 
reclamation  with  proper  management. 

Although  most  bedrock  materials  do  not  appear  suitable  as  planting  media,  this 
should  be  confirmed  by  a  test-plot  program  and  by  the  reclamation  program  at  the 
Navajo  Coal  Mine. 

Selection  of  plant  species 

Native  species  (first  priority) — Some  of  the  soils  of  the  study  area 
have  low  moisture  storage  capabilities,  yet  some  vegetation  grows  at  the  study 
area.   This  indicates  that  revegetation  may  be  accomplished  with  plant  species 
adapted  to  semiarid  areas.   Other  species  may  require  more  water  than  prevailing 
climate  patterns  provide.   If  possible,  seeds  should  be  obtained  from  local 
growers  in  order  to  be  more  climatically  adapted  and  capable  of  survival  at 
the  study  area. 
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The  study  area  will  probably  continue  to  be  used  for  grazing  of  domestic 
animals,  watershed,  and  wildlife  following  mining.   For  this  reason,  a  variety 
of  both  herbaceous  and  woody  species  should  be  seeded  following  shaping  of  the 
land  surface  and  placement  of  planting  media.   Federal  regulations  require  that 
species  native  to  the  study  area  be  used  for  reseeding.   The  species  tabulated 
below  (from  table  1-1 )  exist  at  the  study  area. 


Scientific  name 


Common  name 


Grasses 


Bouteloua  gracilis* 
Hilaria  jamesii* 
Muhlenbergia  pungens 
Oryzopsis  hymenoides* 
Sporobolus  airoides* 


blue  grama 

galleta 

sand  hill  muhly 

Indian  ricegrass 

alkali  sacaton 


Forbs 


Atriplex  obovata 

(=A.    jonesii) 
Atriplex  powellii 
Atriplex  saccaria 
Salsola  paulsenii  Litv. 

(=S.  kali) 


Russian  thistle 


Shrubs 


Artemisia    tridentata* 
Atriplex  canescens* 
Chrysothamnus   greenei 
Chrysothamnus   nauseosus 

subsp.    bigelovii 
Eriogonum   leptophyllum 
Gutierrezia   sarothrae 
Sarcobatus   vermiculatus 
Yucca   angustif olia 
Lycium  pallidum* 


big   sagebrush 
four-wing    saltbush 


Bigelow   rabbitbrush 

snakeweed 
greasewood 
soapweed   yucca 
pale  wolfberry 


Trees 


Juniperus  osteosperma 
Populus  wislizenii 


Utah  juniper 

Rio  Grande  cottonwood 


Some  of  the  above  species  are  not  necessarily  the  most  suitable  for  revegetation 
in  the  study  area  because  their  presence  is  a  result  of  overgrazing.   In  some 
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instances,  more  suitable  species  which  previously  existed  at  the  study  area  have 
been  replaced  with  less  desirable  invading  species.   Those  species  in  the  above 
tabulation  which  are  considered  to  be  suitable  for  revegetation  are  marked  with 
an  asterisk.   A  list  of  additional  species  which  were  likely  present  in  the 
general  area  in  the  past  and  which  are  thought  to  be  suitable  for  revegetation 
considering  projected  postmining  land  use  is  tabulated  below. 


Scientific  name 


Common  name 


Grasses 


Bouteloua  hirsuta 
Muhlenbergia  torreyi 
Sporobolus  cryptandrus 


Shrubs 


Hairy  grama 
Ring  muhly 
Sand  dropseed 


Artemisia  nova 

Ephedra  sp. 

Atriplex  conf ertif olia 


Black  sagebrush 

Mormontea 

Shadscale 


Federal  regulations  also  require  that  postmining  distribution  of  species  be  the 
same  as  premining  distribution.   Figures  1-1  and  1-2  show  vegetation  patterns 
at  the  study  area.   Other  data  required  in  order  to  conform  to  federal  post- 
mining  species  distribution  requirements  would  be  obtained  when  the  mining  plan 
is  prepared. 

Site  appropriate  seed  mixes  and  seeding  rates  should  be  determined  by  BLM.   Seed 
availability  may  be  questionable  for  some  of  the  above  species.   A  test-plot 
program  should  provide  information  about  successful  species,  mixes,  and  seeding 
rates. 

Adapted  introduced  species  (second  priority) — Because  of  the  climate 
of  the  study  area,  no  introduced  plant  species  are  recommended  for  seeding. 
However,  research  by  other  agencies  and  mining  companies  and  a  test-plot  program 
may  reveal  suitable  introduced  species  for  the  study  area. 

Nutrient  deficiencies — additives.   Fertility  analysis  of  the  planting  media 
was  not  performed.   Replacement  of  suitable  soils  should  allow  existing  plant 
growth  of  the  study  area  to  be  reestablished.   Use  of  fertilizer  (Nj^P^K)  and 
additives  (H2SO4,  Gyp.,  etc.)  should  enhance  plant  growth,  but  tests  are 
required  to  confirm  this  and  to  establish  the  fertility  of  other  overburden 
materials.   A  test-plot  program  should  provide  information. 

Irrigation.   Obtaining  sufficient  irrigation  water  at  the  Ojo  Encino 
study  area  may  be  a  critical  consideration.   Because  of  the  semiarid  climate, 
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postrnining  establishment  of  vegetation  at  the  study  site  without  irrigation 
will  be  difficult.   Without  irrigation,  timing  of  seeding  will  be  crucial  and 
will  have  to  occur  when  moisture  from  rain  or  snow  is  present;  but  precipitation 
at  the  study  area  is  erratic.   Moisture  may  not  be  present  when  most  needed  to 
support  newly  seeded  areas.   With  no  moisture  or  vegetation  to  hold  the  soil, 
wind  erosion  could  carry  off  the  soil  and  the  seeds  or  leave  the  seeds  exposed. 
The  seeds  could  be  planted  again;  but  the  soil  would  be  lost.   The  erratic  pre- 
cipitation patterns  might  produce  too  much  moisture — a  cloudburst  (not  uncommon 
at  the  study  area)  that  could  sluice  off  the  valuable  unprotected  soil.   If 
there  is  moisture  at  the  right  time  and  in  the  right  amount,  the  seeds  would 
germinate.   Then,  if  the  next  rain  is  too  hard,  the  seedlings  will  be  carried 
off  with  the  eroded  soil;  or  if  the  rain  is  inadequate,  the  seedlings  will 
wither  and  die.   In  either  event,  the  topsoil  would  again  be  susceptible  to 
wind  erosion. 

If  irrigation  is  practiced  as  recommended  by  some  authorities,  seeding  would  not 
be  so  subject  to  the  study  area's  erratic  rainfall  patterns.   Germination  and 
young-plant  growth  would  be  quickly  established  and  securely  supportedo   The 
chance  of  wind  or  water  erosion  would  be  considerably  less.   A  denser  plant 
population  would  become  established.   If  some  plants  died  when  irrigation  was 
removed,  the  denser  population  should  increase  the  chances  that  some  plants 
will  survive.   The  shock  of  removal  of  irrigation  would  be  lessened  by  gradual 
withdrawal  of  irrigation. 

Some  authorities  hold  that  the  shock  of  removing  regular  fertilization  and 
irrigation  will  seriously  weaken  or  kill  new  plants,  and  that  revegetation 
should  accordingly  be  accomplished  without  irrigation.   At  the  nearby  Navajo 
Coal  Mine,  irrigation  is  being  used  to  grow  vegetation  on  spoil  material. 
This  irrigation  program  should  be  investigated  to  learn  whether  success  has 
been  achieved. 

Although  additional  research  is  needed  to  resolve  this  controversy,  the  authors 
of  this  report  believe  that  temporary  irrigation  has  the  best  chance  of  producing 
quick,  successful  revegetation  at  the  Ojo  Encino  study  area.   A  test-plot 
program  should  confirm  the  effectiveness  of  irrigation. 

Another  question  concerns  economics.   Assuming  water  supplies  for  irrigation 
are  technically  feasible,  it  should  be  determined  whether  it  is  economically 
feasible  to  irrigate  at  the  study  area:   One  approach  to  such  a  determination 
would  be  to  compare  the  cost  of  irrigation  for  2  years  to  the  cost  of  10  suc- 
cessive years  of  seeding  (including  the  cost  of  erosion  control).   The  latter 
alternative  might  be  required  in  order  to  establish  vegetation  without  irriga- 
tion because  of  the  erratic  rainfall  patterns  and  other  harsh  climatic  and 
soil  conditions  at  the  study  area. 

Use  of  irrigation  does  not  affect  the  plans  for  revegetating  the  study  area 
presented  in  this  report.   The  only  difference  would  be  that  revegetation  under 
irrigation  should  occur  sooner  and  more  successfully.   If  irrigation  is  chosen, 
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plants  would  be  irrigated  for  their  entire  first  year,  receiving  15  inches  of 
water.   The  following  year  they  would  receive  one  spot  irrigation  of  about 
2  inches  during  the  growing  season  to  wean  them  from  irrigation. 

Alternative  irrigation  systems  would  be  "solid  set"  (best);  "hand  move"  (next 
best);  and  "side  roll"  or  "center  pivot"  (next  best). 

About  1/3  of  the  planting  media  are  coarse  textured  with  a  low  available  water- 
holding  capacity  (about  .75  to  1.75  inches  of  water  per  foot  of  media).   However, 
placing  finer  textured  soils  or  weathered  bedrock  (both  having  limited 
permeability)  under  the  coarse-textured  planting  media  will  increase  the  amount 
of  water  the  latter  can  hold  to  about  2.2  inches  per  foot  of  media.   With  a 
recommended  average  depth  for  the  coarse-planting  media  of  about  14  inches,  the 
average  amount  of  available  water  should  be  about  2.5  inches.   Light  and  fre- 
quent irrigations  keeping  the  surface  few  inches  of  planting  media  moist  should 
keep  all  of  it  moist,  and  enable  germination,  young-plant  growth,  and  mainte- 
nance of  vegetation. 

Mechanical  manipulation  of  in-place  planting  media  will  be  necessary  only  if 
nonsandy  planting  media  are  used. 

In  areas  where  drainageways  collect  water  in  sufficient  quantities  to  cause 
erosion,  water  spreaders  should  be  considered.   Water  spreaders  are  systems  of 
dikes  designed  to  divert  floodwater  from  a  gully  onto  adjacent  rangeland. 
Because  of  the  normal  low  rainfall  in  this  area,  it  can  be  expected  that  water 
spreaders  would  come  into  play  only  during  rains  of  high  intensity  and  during 
periods  of  rapid  snowmelt. 

A  test-plot  program  should  provide  information  on  the  above  techniques. 

Seeding  methods.   Test  plots  and  fertility  tests  should  provide  information 
about  seeding  methods.   More  than  one  seeding  may  be  required,  especially  if 
irrigation  is  not  practiced.   The  time  of  year  when  seeding  should  take  place 
will  depend  on  the  particular  seed  mix  being  planted.   Reclamation  should  be 
scheduled  so  that  seeding  takes  place  soon  after  final  grading  in  order  to  avoid 
surface  erosion.   The  species  to  be  planted  at  the  study  area  will  have  optimum 
seeding  depths.   Selection  of  the  manner  of  seeding  (see  below)  should  be  based 
on  these  depths.   Seed  may  be  planted  by  drilling  with  either  an  approved  disk 
or  shoe-type  grass  drill;  by  using  an  approved  hydroseeder;  or  by  mechanical  or 
hand  broadcasting.   Drilling  is  the  preferred  method. 

Drill  seeding — Sowing  the  seed  mixture  with  either  an  approved  disk  or 
shoe-type  grass  drill  is  acceptable.   If  this  method  is  used,  the  drill  shall  be 
regulated  to  uniformly  distribute  the  seed  at  the  rate  specified  for  the  site. 
Where  possible,  drilling  shall  be  done  on  the  contour  or  parallel  with  the  slopes 
being  seeded.   The  drill  shall  be  regulated  so  that  the  seed  is  properly  placed 
in  the  soil  and  covered  with  soil  to  the  specified  depth.   If  fertilizer  is  to 
be  applied  during  seeding,  the  drill  could  be  equipped  with  an  approved  fertilizer 
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attachment  for  distributing  fertilizer  at  a  specified  rate  simultaneously  with 
the  drilling  of  the  seed. 

Hydroseeding — Seeding  with  an  approved  hydroseeder  will  be  acceptable 
provided  wind  velocities  permit  uniform  distribution  of  seed  and  nitrogen  ferti- 
lizer slurry  on  the  areas  to  be  seeded.   In  hydroseeding  operations,  the  mixture 
of  seed  and  the  fertilizer  specified  shall  be  properly  mixed  with  water  to  form 
a  slurry.   The  slurry  mixture  shall  be  prepared  immediately  prior  to  application 
and  shall  be  promptly  applied  on  the  areas  to  be  seeded  and  fertilized.   Slurry 
mixtures  prepared  more  than  1  hour  prior  to  application  are  not  acceptable.   The 
hydroseeder  shall  be  designed  to  assure  that  seed  and  fertilizer  are  uniformly 
applied  at  the  recommended  rates  per  acre.   The  hydroseeder  shall  be  equipped 
with  a  paddle-type  agitator  and  recirculation  pump  that  will  continually  stir 
and  mix  the  slurry  to  prevent  settling  of  solids  in  corners  and  at  the  bottom  of 
the  tank  and  to  maintain  a  uniform  mixture  of  seed,  fertilizer,  and  water  at  all 
times  during  the  entire  seeding  operation.   Immediately  after  the  slurry  mixture 
is  applied  to  the  soil  surface,  the  seed  shall  be  properly  covered  with  soil  to 
the  specified  depth. 

Mechanical  broadcasting — A  mechanical  broadcaster  of  either  the 
centrifugal  type  or  pull  type  similar  to  fertilizer  spreaders  are  acceptable. 
Any  equipment  of  this  type  used  for  broadcast  seeding  shall  be  designed  and 
regulated  to  assure  that  the  proper  seeding  rate  per  acre  is  uniformly  applied 
on  areas  to  be  seeded.   When  this  method  is  used,  seed  and  fertilizer  may  not  be 
applied  in  the  same  mixture  simultaneously;  each  shall  be  broadcast  separately. 

Hand  broadcasting — Hand  broadcasting  may  be  performed  on  small,  inac- 
cessible areas.   Seed  application  may  be  performed  by  using  an  approved  hand 
broadcaster  or  by  broadcasting  the  seed  by  hand  from  a  sack  or  other  suitable 
container.   Whichever  means  is  used,  the  seed  shall  be  uniformly  applied  at  the 
specified  rate.   When  using  this  method,  the  seed  and  fertilizer  shall  be  broad- 
cast separately.   Hand  broadcasting  is  the  preferred  method  for  areas  where 
drill  seeding  is  impractical. 

Additional  seeding  procedures — Monocultures  should  be  avoided  in  grass 
stand  selection.   A  good  mix  of  adapted  species  which  are  drought  resistant  and 
have  good  sod-forming  characteristics  should  be  selected.   When  a  range  mixture 
is  used,  determination  of  the  recommended  seeding  rates  should  include  the 
results  of  test  plots.   Some  seeds  may  be  planted  by  mixing  them  with  mulch  (see 
below).   The  BLM's  Farmington  office  can  provide  references  to  assist  in 
choosing  seeding  methods. 

Fertilizer  application.   Fertility  tests  and  a  test-plot  program  should 
provide  applicable  information.   If  required,  fertilization  during  seeding  may 
be  done  as  indicated  above.   Later  in  the  growing  season  or  in  subsequent 
growing  seasons,  additional  light  applications  of  fertilizer  may  be  desirable. 
Timing  and  rate  of  fertilizer  application  should  be  determined  by  the  local 
manager,  since  they  will  have  to  be  based  on  local  observation  and  experience. 
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Surface  soil  protection.   Selected  mulch  material  should  be  properly 
applied  immediately  after  seeding  and  fertilization,  and  shall  be  anchored  as 
appropriate.   Mulching  is  used  to  stabilize  critical  areas  and  enable  plants  to 
become  established  quickly  in  the  surface  material.   Mulching  nearly  always 
shortens  the  time  required  to  establish  a  suitable  plant  cover  by  reducing 
evaporation,  moderating  soil  temperatures  to  promote  germination  and  seedling 
growth,  preventing  crust,  and  controlling  wind  and  water  erosion.   Any  substance 
spread,  formed,  or  left  on  the  surface  may  act  as  a  mulch.   There  is  a  large 
variety  of  available  mulching  materials,  including:   straw,  native  hay,  hay  and 
other  crop  residues,  sawdust,  woodchips,  wood  fiber,  bark,  manure,  brush,  jute 
or  burlap,  uniform-sized  coarse  sand,  gravel,  mulch  stones,  peat,  paper,  leaves, 
plastic  film  bits,  bottom  ash,  and  various  organic  and  inorganic  liquids.   In 
additions,  commercial  products  and  systems  for  protection  of  surface  soils  are 
available  and  should  be  considered. 

Gravel  or  crushed  rock  can  also  be  selected  from  overburden  material  and  used 
successfully  as  a  surface  mulching  material.   These  types  of  mulches  have  advan- 
tages over  most  other  mulches  because  they  are  permanent  if  the  individual 
pieces  are  no  smaller  than  1/8  inch  in  diameter.   If  the  gravel  or  crushed  stone 
pieces  are  no  smaller  than  this  in  size,  the  mulch  cover  will  withstand  a  sur- 
face wind  velocity  of  85  mi/h.   To  control  wind  erosion,  the  pieces  must  almost 
cover  the  soil  surface  (not  less  than  95  percent).   The  finer  the  gravel  or 
crushed  rock,  the  less  material  is  required  to  cover  the  ground  surface. 

Before  a  mulch  is  selected,  systematic  evaluation  of  the  advantages  and  disad- 
vantages of  each  type  should  be  made  considering  factors  such  as  transportation 
problems,  application  problems,  resistance  to  erosive  forces,  insulating  and 
evaporation-retarding  capacity,  etc. 

Following  the  mulching  operation,  wind  barriers  (snow  fences)  may  be  installed. 
Wind  barriers  will  provide  essential  protection  of  the  surface  soils  and 
seedlings  from  sustained  high  winds.   One  type  of  wind  barrier  consists  of 
wooden-slat  snow  fencing  material  5  to  6  feet  in  height.   These  fences  should  be 
installed  perpendicular  to  the  prevailing  winds  during  the  winter  and  spring 
seasons  and  should  be  located  about  100  yards  apart,  or  closer,  if  needed.   The 
snow  fence  can  be  constructed  with  steel  fence  posts  that  can  be  driven  into  the 
soil  or  with  wood  posts  that  are  hand  set.   Because  of  their  cost  and  possible 
interference  with  irrigation  activities,  it  may  be  desirable  to  limit  placement 
of  snow  fences  to  only  those  areas  which  develop  wind  erosion  problems  after  the 
2-year  irrigation  period. 

A  test-plot  program  should  provide  information  on  mulching  and  fencing 
techniques.   The  BLM' s  Farmington  office  can  provide  references  to  assist  in 
choosing  mulching  techniques. 

Management.   Grazing  management  is  a  necessity  during  revegetation.   The 
new  seedlings  must  be  protected  from  grazing  for  at  least  three  growing  seasons; 
on  the  harsher  sites,  four  or  more  growing  seasons  may  be  necessary.   The  young 
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seedlings  should  not  be  grazed  until  they  are  firmly  rooted.   Adequate  fencing 
will  be  required  to  prevent  grazing  by  livestock  during  the  establishment 
period. 

Undesirable  weeds  may  present  harmful  competition  to  seeded  perennial  species 
during  the  first  two  or  three  seasons  after  planting.   It  may  be  desirable  to 
control  these  weeds  through  the  use  of  selected  herbicides  during  at  least  the 
first  year  of  development. 

Overburden  Geochemistry  Conclusions 

Summary  of  area  characteristics  in  relation  to  reclamation  potential 

The  various  Ojo  Encino  overburden  rock  types  are  congruous  in  their  bulk  chemi- 
cal composition  with  the  same  rock  types  at  other  sites  in  the  Western  United 
States  where  Cretaceous  age  rocks  overlie  coal.   The  single  major  exception  is 
higher  sodium  content  in  Ojo  Encino  overburden.   The  rocks  are  also  generally 
similar  in  bulk  chemical  composition  to  the  native  soils  of  the  San  Juan  Basin. 
On  the  basis  of  their  bulk  chemistry,  the  overburden  rocks  could  be  used  as 
acceptable  soil  replacement  material  and  should  not  be  expected  to  have  long- 
term  unfavorable  effects  on  element  concentrations  in  ground  water.   However, 
for  determining  the  immediate  suitability  of  the  rock  as  a  replacement  for  the 
soils  of  the  study  area,  other  factors  must  also  be  considered.   These  other 
factors  were  the  basis  for  the  suitability  determinations  previously  discussed 
in  this  section  under  the  heading  Selection  of  Planting  Media  and  in  section  H. 

Reclamation  potential  of  the  area  based  on  anticipated  post- 
mining  use  as  designated  by  BLM  (livestock  production, 
watershed,  and  wildlife  habitat) 

There  is  no  reason  associable  with  bulk  chemistry  of  the  overburden  rocks  that 
the  area  should  not  be  restorable  to  a  condition  which  would  allow  its 
designated  postmining  use. 

Major  reclamation  problems  and  measures  necessary  to  establish 
conditions  suitable  for  anticipated  postmining  use 

It  may  be  necessary  to  stockpile  rocks  in  a  segregated  manner,  by  distinct 
lithic  types,  in  order  to  allow  replacement  of  rocks  in  the  refill  column  in 
positions  best  suited  to  their  particular  chemical  character:   it  would  likely 
be  desirable  to  place  sandstone,  with  its  potential  loamy  texture  and  com- 
paratively low  trace-  and  minor-element  concentrations,  near  the  top  where  it 
would  have  most  contact  with  plant  roots  and  would  permit  absorption  of  intense 
rain  showers;  it  would  likely  be  desirable  to  place  claystone,  with  its  higher 
elemental  concentrations,  either  deep  in  the  refill  column  where  the  reducing 
electrochemical  potential  would  retard  weathering  and  release  of  elements  to 
ground  water,  or  else  in  the  middle  of  the  refill  column  where  it  would  be  phys- 
ically distant  from  either  roots  or  ground  water  and  could  form  an  impermeable 
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barrier  to  downward  movement  of  elements  from  the  surface  and  to  downward  loss 
of  soil  moisture. 

Vegetation  Conclusions 

The  Ojo  Encino  study  area  is  located  within  the  Fruitland  Formation  which  is  of 
the  Upper  Cretaceous  Age.   A  general  description  of  the  formation  is  given  by 
the  U.S.  Geological  Survey  (1963)  and  Northup  (1973)  as  follows: 

The  Fruitland  Formation  consists  of  laterally  and  vertically 
intercollated  sandstones,  sandy  shales,  clayey  sandstone,  gray, 
black  and  brown  shales  and  coal  seams  of  varying  thicknesses. 
Scattered  iron  carbonates  concentrations  are  present  in  the 
formation.   This  formation  lies  conformably  on  and  intertongues 
with  Pictured  Cliffs  Sandstone  and  is  overlain  conformably  and 
gradationally  by  Kirtland  Shale. 

The  topography  for  the  study  area  and  the  general  area  is  variable.   Broad, 
gently  sloping  valleys  are  intermingled  with  moderately  steep  and  rolling 
uplands.   Deep  soils  are  dominant  in  the  valley  bottoms  and  often  on  the  valley 
sideslopes.   Shallow  soils  with  occasional  outcrops  of  shales  and  sandstone  are 
more  common  in  the  upland  areas. 

The  plants  present  at  the  study  area  are  described  in  section  I.   This,  along 
with  climatic  information  and  soils  present,  gives  a  good  indication  of  what 
the  area  will  support  in  terms  of  plant  species.   Star  Lake  average  annual  pre- 
cipitation is  7.97  inches.   While  approximately  40-50  percent  of  the  precipi- 
tation falls  during  July,  August,  and  September,  nearly  equal  amounts  fall 
during  each  of  the  remaining  months.   Mean  maximum  temperatures  at  Star  Lake 
are  65°  F,  while  the  mean  minimum  temperatures  are  30°  F.   Snowfall  is  common 
during  the  winter.   Because  of  these  climatic  conditions,  the  study  area  is 
placed  in  a  resource  region  represented  by  cold,  moist  winters,  with  winter 
moisture  approximately  equal  to  that  of  summer  moisture  (New  Mexico  Interagency 
Committee,  1973  b).   (However,  actual  winter  moisture  (precipitation)  at  the 
study  area  is  about  one-half  the  summer  moisture  (see  section  D).) 

Climatic  conditions,  with  cool  temperatures  and  moisture  available  throughout 
the  year,  along  with  observations  of  vegetation  present  on  the  study  area  indi- 
cate a  mixture  of  warm-  and  cool-season  plant  species  are  capable  of  growing  in 
the  area.   Aggregation  of  species  dominants  will  occur  throughout  the  area  as  a 
result  of  the  soils  present  at  a  specific  location. 

Soil  associations  throughout  the  northwest  portion  of  New  Mexico  are  quite 
varied.   The  intermingling  of  many  of  these  soils  results  in  subtle,  minor 
shifts  of  potential  dominant  plant  species  with  no  distinct  patterns  for 
potential  vegetation  classification  having  been  determined  (Donart  et  al.  1978). 
Similarly  deterioration  of  the  vegetation  through  mismanagement  generally 
results  in  even  more  similarity  of  vegetation  across  even  greatly  differing 
soils  with  different  potentials. 
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The  Ojo  Encino  study  area  is  located  in  a  harsh  environment  and  successful 
reclamation  will  be  a  result  of  skill,  careful  judgement,  and  close  evaluation 
of  soil  and  spoil  conditions  from  the  premining  period  through  establishment. 
Virtually  no  published  research  exists  for  reclamation  in  the  Four  Corners  area. 
The  only  organized  field  research  studies  for  similar  conditions  have  been  con- 
ducted at  the  San  Juan  Power  Plant  (Western  Coal  Company)  and  Four  Corners  Power 
Plant  (Utah  International,  Inc.).   Evaluations  on  overburden  properties  have 
been  conducted  at  the  Consolidation  Coal  Company  -  El  Paso  Natural  Gas  Company 
location.   Field-scale  reclamation  efforts  have  been  undertaken  by  several  coal 
companies  in  the  area.   Utah  International,  Inc.  has  probably  reclaimed  more 
acreage  under  similar  environmental  conditions  than  any  other  company. 

In  addition  to  limited  knowledge,  regulations  regarding  reclamation  may  not  be 
finalized.   The  Surface  Mining  Commission  of  New  Mexico  established  reclamation 
procedures  several  years  ago  in  the  absence  of  any  substantial  Federal  legisla- 
tion.  However,  the  Surface  Mining  Control  and  Reclamation  Act  was  enacted  on 
August  3,  1977;  Office  of  Surface  Mining  final  rules  were  published  on 
December  13,  1977,  in  30  CFR  700;  and  BLM  final  rules  were  published  on  July  19, 
1979,  in  43  CFR  3400.   New  Mexico  legislation  will  likely  follow  this  Federal 
format  if  the  State  considers  it  adequate.   If  the  Federal  legislation  is 
considered  too  lenient,  more  strict  regulations  may  occur  for  specific  situa- 
tions.  Because  of  the  wide  variation  in  surface  mining  situations  as  a 
result  of  type  of  mining  activity  and  regional  differences  in  reclamation 
response,  specific  legislation  affecting  New  Mexico  may  be  necessary. 

As  a  result  of  environmental  conditions,  poor  soil  development  is  common  under 
natural  conditions.   Overburden  material  when  repositioned  as  spoil,  may  not 
differ  substantially  from  the  original  soil.   Properties  of  overburden  material, 
like  original  soils,  may  vary  substantially  from  one  location  to  another 
(Rai  et  al.  1974;  Gould  et  al.  1977).   While  substrata  from  sandy  surface  soils 
might  be  heavy  in  clay  materials,  substrata  from  barren,  or  badland,  situations 
may  actually  have  better  properties  for  vegetative  growth.   Throughout  the 
mining  procedure,  shaping,  and  seedbed  preparation,  the  substrata  materials  are 
subject  to  mixing  and  relocation  to  the  extent  that  site  specific  evaluations 
over  the  original  location  of  the  overburden  may  become  meaningless.   For  these 
reasons,  it  is  wise  to  approach  reclamation  as  a  reseeding  venture  in  a  harsh 
environment  as  related  to  the  spoil  properties  of  the  finished  seedbed. 

Following  mining,  spoil  shaping  and  seedbed  preparation  are  the  first  steps  of 
concern.   Outslope  shaping  is  recommended  to  be  at  least  lv:2h  as  per  proposed 
Federal  legislation.   Other  recommendations  are  for  slopes  of  lv:3h.   Such  slopes 
should  not  be  intrusive  and  should  allow  for  access  of  mechanical  equipment  for 
revegetation.   Interior  slopes  have  been  suggested  at  a  slope  of  lv  to  6.5h. 
Proposed  Federal  legislations  calls  for  interior  slopes  in  harmony  with 
surrounding  topography,  which  will  likely  be  a  similar  slope  ratio.   Following 
slope  preparation,  final  shaping  to  allow  for  access  of  mechanical  equipment  for 
seeding  must  follow. 
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Soil  amendments  for  the  purpose  of  increased  water  infiltration  should  be 
considered  as  the  rule  rather  than  an  exception.   Amendments  may  include  single 
or  combinational  treatments  of  the  overburden  with  repositioned  topsoil,  straw- 
mulch,  or  bottom-ash  residue  from  coal  processing.   True  topsoiling  properties 
from  the  soils  present  in  the  study  area  are  limited.   Most  of  the  suitable 
topsoil,  in  terms  of  amount  and  desirable  properties,  would  be  found  in  the 
sagebrush  vegetation  zone.   Soils  supporting  vigorous  growth  of  sagebrush 
generally  have  suitable  properties  for  revegetation.   However,  at  the  study 
area,  the  soils  present  do  not  support  vigorous  growth  of  sagebrush  and  have 
erosive  characteristics,  which  make  a  topsoiling-by-layer  application  question- 
able.  Upon  chemical  and  physical  analysis  of  these  soils,  it  may  be  determined 
that  they  are  quite  suitable  for  amendment  properties  through  incorporation 
with  the  top  6  to  12  inches  of  spoil  material.   Straw  or  bottom  ash,  when  incor- 
porated in  the  surface  layer  of  the  spoil  material,  provides  amendment  proper- 
ties improving  water-holding  capacity  and  revegetation  response. 

Because  of  limited  water  for  plant  growth,  a  cover  crop  of  annuals  for  seedbed 

preparation  is  generally  not  recommended.  If  a  straw  mulch  is  used,  volunteer 

plants  from  the  straw  usually  are  prolific  and  may  create  competition  with  the 

seeding  mixture.   Light  controlled  grazing  is  generally  selective  to  the 
volunteer  plants  and  may  be  beneficial. 

Generally,  fertility  of  the  spoil  material  is  not  a  limiting  factor  to  plant 
establishment.   More  important  may  be  the  sterility  of  spoil  material  to  soil 
microbes.   Usually  wind  action  after  1  to  3  years  will  inoculate  spoil  material 
to  an  acceptable  level.   Application  of  fertilizer,  especially  nitrogen,  at  the 
time  of  seeding  may  cause  fertilizer  burn  to  new  seedlings.   Topdressing 
folLowing  establishment  has  not  been  investigated  but  might  have  value  for 
specific  Locations. 

In  an  8-inch  rainfall  region,  water  for  germination  of  seeded  plants  will  be  the 
most  limiting  factor.   In  years  of  high  spring  and  early  summer  precipitation, 
establishment  under  natural  conditions  may  be  possible.   Situations  such  as  this 
are  limited  in  occurrence,  and  for  insurance  of  germination  and  establishment, 
considerations  for  supplemental  watering  are  in  order.   Application  of  6  to 
10  inches  of  additional  water  in  three  to  four  application  treatments  during  the 
first  growing  season,  followed  by  2  to  3  inches  in  the  spring  of  the  second 
season,  appears  to  be  satisfactory  for  plant  establishment. 

Planting  techniques  should  use  native  or  introduced  plants  suited  for  the  area 
(table  C-l).   Under  irrigation,  planting  can  be  effectively  implemented  from 
early  June  through  the  middle  of  August.   Seed  should  be  planted  with  a  deep 
furrow  type  rangeland  drill,  capable  of  withstanding  moderate  abuse  and  strain 
from  the  undulating  terrain.   Seed  should  be  placed  as  close  to  0.5  inches  below 
Lhe  spoil  surface  as  possible  and  weights  used  to  firm  the  surface.   Indian 
ricegrass,  an  important  component  of  the  vegetation,  requires  slightly  different 
seeding.   Ideally,  it  should  be  seeded  alone  to  a  depth  of  1.5  to  2  inches. 
Even  with  irrigation,  seeding  in  late  August  or  early  September  appears  to 
increase  establishment. 
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Table  C-l 

Species  suitable  ,  most  adaptable  soil  types  and  recommended 
seeding  rate  for  single  species  application  in  pounds  of  pure  live 
seed  (PLS)  per  acre  for  reclamation  purposes 


Species 

Soil 

Type 

Recommended  seed- 
ing rate,  lbs  PLS/Ac 

Crested  wheatgrass 

(Agropyron  desertorum) 

Loam 

7 

Indian  ricegrass 

(Oryzopsis  hymenoides) 

Sand , loam 

7 

Pubescent  wheatgrass 

(A&ropyron  trichophorura) 

Loam,  clay,  salty 

18 

Siberian  wheatgrass 
(Agropyron  sibericum) 

Loam 

7 

Thickspike  wheatgrass 
(Agropyron  dasvstachum) 

Loam 

6 

Alkali  sacaton 

(Sporo bolus  airoides) 

Loam,  clay,  salty, 

wet 

1 

Blue  grama 

(Bouteloua  gracilis) 

Sandy,  loam,  wet 

3 

Western  wheatgrass 
(Agropyron  smithii) 

Loam,  clay,  salty, 

wet 

12 

Galleta* 

(Hilaria  jamesii) 

Sandy,  loa.n,  clay, 

salty 

6 

Sand  dropseed 

(Sporo bolus  cryptandrus) 

Sandy,  loam 

1 

Sideoats  grama 

(Bouteloua  curtipendula) 

Sandy,  loam 

10 

Spike  muhly 

( Muhlenbergia  wriehtii) 

Sandy,  loam 

1 

Fourwing  saltbush 
(Atriplex  canescens) 

Sandy,  loam,  clay, 
salty,  wet 

10 

Shadscale* 

(Atriplex  confertifolia) 

Clay,  salty,  loam 

6 

Winterfat* 

(Geratoides  lanata") 

Loam ,  sandy 

10 

*  Seed  not  commonly  available,  or 
in  very  limited  supply. 
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Broadcast  application  of  seed  is  not  advisable.  Should  broadcast  seeding  be 
necessary  in  specific  locations,  an  increase  in  the  recommended  seeding  rate 
(table  C-l )  by  60  percent  is  recommended. 

Seeding  recommendations  (table  C-l)  are  for  single  species  application  rates. 
To  create  a  mixture  and  the  proper  amount  of  each  species,  the  percentage  of 
each  species  in  the  mixture  is  established  and  multiplied  by  the  single  species 
rate  indicated.   Thus,  the  information  provided  in  table  C-l  allows  for  creating 
different  species  combinations  for  the  soil  conditions  present. 

Hydrology  and  Water  Supply  Conclusions 

Effects  of  surface  mining  and  subsequent  reclamation  on  hydrology 

Potential  changes  in  runoff  and  sediment  yield.   The  mining  companies  are 
required  by  Public  Law  95-87,  the  Surface  Mining  Control  and  Reclamation  Act  of 
197  7  (SMCRA),  and  subsequent  enforcement  provisions,  to  reclaim  the  spoil  piles 
in  mined  areas.   During  the  raining  and  reclamation  phase,  runoff  from  the  spoil 
piles  would  probably  exceed  the  suspended-sediment  discharge  effluent  limita- 
tions.  The  runoff  exceeding  effluent  limitations  could  not  be  discharged 
downstream  except  when  resulting  from  precipitation  having  a  frequency  greater 
than  that  expected  from  a  24-hour  storm  with  a  10-year  recurrence  interval. 
These  structures  would  reduce  peak  discharges  and  runoff  volumes  from  storms 
with  recurrence  intervals  greater  than  10  year.   The  sediment  yield  during 
mining  and  prior  to  complete  reclamation  would  be  zero  except  during  runoff 
resulting  from  a  10-year  storm  during  which  the  sediment  yeild  would  probably  be 
greater  than  under  natural  conditions  for  an  individual  storm.   Total  sediment 
yield  during  the  mining  and  reclamation  phase  should  be  less  than  would  have 
occurred  under  natural  conditions. 

The  mining  companies  are  required  by  the  enforcement  provisions  of  SMCRA  to 
grade  the  spoil  piles  to  approximate  premining  or  lesser  slopes  as  specified  by 
the  regulatory  authority.   Next,  the  graded  spoil  piles  are  covered  with  topsoil 
which  is  saved  for  this  purpose  and  revegetated  to  equal  or  better  than  pre- 
mining conditions.   Following  a  stabilization  period  at  the  Ojo  Encino  study 
area,  and  assuming  the  slopes  and  vegetative  cover  are  similar  to  premining  con- 
ditions, there  may  be  little  or  negligible  difference  in  runoff  characteristics 
and  sediment  yield  from  reclaimed  spoil-pile  areas  caused  by  mining.   Peak, 
discharges  and  sediment  yields  may  even  be  less  if  the  slopes  are  reduced. 

Flood  plains.   The  flood  plains  of  the  streams  within  the  Ojo  Encino  study 
area  have  been  delineated  by  the  Federal  Insurance  Administration  (U.S.  Depart- 
ment of  Housing  and  Urban  Development,  1978).   All  of  the  streams  within  the 
study  area  are  ephemeral  and  the  flood  plains  are  undeveloped. 

Compliance  with  water-quality  regulation  of  Public  Law  95-87.   Public 
Law  95-87  (SMCRA)  and  subsequent  Surface  Mining  Reclamation  and  Enforcement 
Provisions  prohibit  the  discharge  of  water  from  mined  areas  with  maximum  values 
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greater  than  7.0  milligrams  per  liter  (mg/L)  total  iron,  4.0  mg/L  total 
manganese,  or  70  mg/L  suspended  sediment  unless  the  discharge  results  from  a 
precipitation  event  larger  than  a  24-hour  event  with  a  10-year  recurrence  inter- 
val.  The  average  daily  values  for  30  consecutive  discharge  days  can  be  only 
one-half  these  amounts.   Water  resource  information  collected  on  surface  runoff 
near  the  study  area  and  ground  water  in  the  zones  that  would  be  distributed  at 
the  study  area  indicate  these  waters  cannot  meet  the  manganese  or  suspended- 
solids  effluent  limitations  of  the  enforcement  provisions  for  SMCRA  under 
natural  conditions.   Meeting  the  requirements  for  pH  may  not  be  a  problem 
because  all  samples  at  the  streamflow  gaging  sites  near  the  Ojo  Encino  study 
area  have  been  within  the  allowable  range  of  6.0  to  9.0. 

Probable  impacts  on  hydrologic  budget.   Surface  mining  for  coal  and  sub- 
sequent reclamation  may  have  some  impact  on  the  hydrologic  budget  at  the 
Ojo  Encino  study  area,  but  the  effect  would  probably  be  small.   The  study  area 
does  not  directly  recharge  any  major  water-bearing  information.   However,  about 
one  square  mile  along  the  east  side  of  the  study  area  provides  some  runoff  and 
potential  recharge  to  the  alluvium  of  Torreon  Wash.   All  other  streams  draining 
the  study  area  are  tributary  to  Torreon  Wash  some  distance  downstream. 

Surface  mining  for  coal  will  fracture  the  stratified  overburden,  water-bearing 
coal  seams,  and  all  confining  layers  above  the  Pictured  Cliffs  Sandstone  within 
portions  of  the  study  area,  replacing  them  with  crumbled  shale  and  sandstone 
rubble  having  a  porosity  greater  than  the  original  stratified  material.   The 
water  quality  in  the  coal  seams  is  variable,  but  may  be  better  in  general  than 
either  the  water-bearing  portions  of  the  overburden  or  underlying  water-bearing 
Pictured  Cliffs  Sandstone  formation.   At  present,  no  known  use  is  being  made  of 
these  three  water-bearing  units  within  the  study  area.   The  greatest  probable 
impact  to  the  porous  crumbled  shale  and  sandstone  rubble  may  be  the  potential 
for  upward  leakage  and  recharge  from  the  underlying  Pictured  Cliffs  Sandstone, 
which  is  more  saline  than  the  waters  within  the  coal  seams  at  some  locations.   A 
confining  layer  of  shale  is  above  the  deepest  coal  seam  at  DH0E3.   The  poten- 
tioraetric  surface  is  about  60  feet  above  the  top  of  the  Pictured  Cliffs 
Formation  at  drill  hole  DH0E2.   Another  possible  impact  may  be  recharge  to  the 
porous  rubble  from  piping.   Piping,  which  is  occurring  in  some  areas  nearby  with 
the  same  surficial  geology,  may  deprive  downstream  water  users. 

There  is  a  potential  for  recharge  to  the  crumble  shale  and  sandstone  rubble 
from  channels  that  will  be  constructed  after  mining  to  replace  the  existing 
ephemeral  streams  traversing  the  Ojo  Encino  study  area.   The  amount  of  recharge 
depends  on  the  volume  of  runoff  and  the  extent  to  which  the  bed  and  sides  of 
the  constructed  channel  will  retard  leakage.   The  precipitation  on  reclaimed 
areas  will  probably  remain  in  the  root  zone  to  be  utilized  by  vegetation,  except 
when  excess  precipitation  occurs.   Assuming  the  leakage  from  the  constructed 
channels  and  the  surface  material  and  topography  are  similar  to  premining 
conditions,  there  may  be  no  long-term  adverse  effects  from  surface  mining  and 
reclamation  at  the  Ojo  Encino  study  area. 
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Water  supply 

Suitable  supplies  for  reclamation.   The  SMCRA  requires  mined  areas  to  be 
restored  to  equal  or  better  than  premining  conditions.   Assuming  the  Ojo  Encino 
study  area  would  be  restored  for  domestic  livestock  grazing  and  wildlife  habitat 
(present  use),  reclamation  of  vegetation  within  a  reasonable  period  of  time  may 
require  irrigation  at  this  low  precipitation  area. 

Water  for  reclamation  may  be  developed  from  surface-runoff  and  ground  water 
supplies.   Although  surface  runoff  has  the  best  water  quality  at  the  study  area, 
this  supply  may  not  be  reliable  because  of  the  unavailability  during  drought 
periods  when  the  need  is  greatest.   A  reliable  supply  in  terms  of  quantity  could 
probably  be  developed  from  any  of  four  deep  aquifers.   The  quality  appears 
questionable  for  a  reclamation  supply  because  of  high  salinity  and  high  sodium- 
adsorption-ratio  (SAR)  values.   The  Cliff  House  Sandstone  and  Morrison  Formation 
may  have  lower  sodium  and  slaine  concentrations  than  the  Menefee  Formation  and 
Entrada  Sandstone.   Wells  would  have  to  be  drilled,  developed,  tested,  and  ana- 
lyzed for  water  quality  to  determine  the  yields  and  quality  of  this  supply  at 
the  Ojo  Encino  study  area. 

Water-quality  characteristics  of  supply  for  reclamation  need  to  be  considered 
at  the  Ojo  Encino  study  area.   The  effect  of  high  salinity  on  vegetation  is  to 
retard  water  availability  by  increasing  the  affinity  of  moisture  to  the  soil, 
whereas  high  SAR  values  decrease  water  infiltration  into  the  soil  by  dispersion 
and  swelling  of  the  soil  (Ayre,  1976).   The  U.S.  Salinity  Laboratory  has 
classified  water  with  a  specific  conductance  greater  than  4,000  microrahos  per 
centimeter  at  25  degrees  celsius  as  a  very  high  salinity  hazard  or  an  SAR  value 
greater  than  18  as  a  high  sodium  hazard  for  irrigation  (Boyko,  1966).   Water  with 
adjusted  SAR  values  ranging  from  9  to  24  represent  a  severe  problem  for  irriga- 
tion depending  on  the  dominant  clay  in  the  soil  (Ayers,  1976).   These  classifi- 
cations of  water  are  based  upon  continued  irrigation  for  domestic  crops.   The 
use  of  water  with  higher  specific  conductance  and  SAR  values  than  those 
specified  by  Boyko  or  Ayers  during  short-terra  irrigation  may  be  endured  by 
salt- tolerant  native  vegetation  used  for  reclamation  purposes.   The  specific 
conductance  of  the  Cliff  House  Sandstone  is  estimated  to  be  2,000  to  4,000 
microrahos  and  3,000  to  5,000  microrahos  for  the  Westwater  Canyon  Member  of  the 
Morrison  Formation  at  the  study  area.   Based  on  limited  information,  the  SAR 
and  adjusted  SAR  values  for  the  Cliff  House  Sandstone  and  Morrison  Formation 
may  be  greater  than  18. 

Other  water-quality  characteristics  which  need  to  be  considered  to  determine  a 
reclamation  supply  include  bicarbonate  and  trace-element  concentrations. 
Bicarbonate  with  calcium  tends  to  reduct  the  permeability  of  soil  by  chemical 
precipitation  of  calcium  carbonate.   This  decreased  permeability  is  taken  into 
account  in  the  adjusted  SAR  value.   Trace  elements  at  the  study  area  such  as 
boron,  which  most  domestic  crops  are  sensitive  to,  and  selenium,  which  may  be 
concentrated  to  levels  toxic  to  foraging  livestock,  are  not  at  levels  regarded 
as  being  detrimental  to  plants  or  livestock. 
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Since  the  quantity  of  surface  runoff  is  questionable  and  the  quality  of  ground 
water  is  marginal  as  reclamation  supplies  at  the  Ojo  Encino  study  area,  there 
may  be  a  need  to  investigate  revegetation  experiments  without  supplemental 
irrigation. 

Suitable  supplies  for  the  mining  operation.  An  adequate  and  reliable 
supply  of  water  can  be  developed  from  a  number  of  deep  aquifers  available  at  the 
study  area  since  the  water-quality  requirements  for  the  raining  operation  are  not 
stringent.   The  primary  uses  of  water  are  for  coal  washing  and  dust  control. 
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CLIMATE 

Distant  high  mountains  shield  this  area  from  shallow  intrusions  of  extremely 
cold  air  in  winter.   Mountains  also  block  the  area  from  much  Pacific  air 
precipitation,  and  before  reaching  northwestern  New  Mexico,  air  from  the  Gulf  of 
New  Mexico  loses  most  of  its  moisture.   This  lack  of  precipitation  is  an  impor- 
tant aspect  of  the  climatic  picture  which  emerges  from  the  data  that  follows. 
The  Ojo  Encino  study  area  is  in  an  area  where  all  climatic  factors  typical  of 
the  semiarid  plains  grasslands  are  found.  * 

Chaco  Canyon  National  Monument  is  the  nearest  long-term  meteorological  station 
to  the  Ojo  Encino  study  area.   It  is  located  about  30  miles  northwest  of  the 
study  area  at  an  elevation  of  6,175  feet.   All  climatological  data  from  this 
weather  station  is  assumed  to  be  applicable  to  the  study  area  which  is  at  an 
altitude  averaging  6,650  feet. 

Temperature 

Based  on  data  from  this  station,  the  Ojo  Encino  study  area  has  an  average  annual 
temperature  of  49.7.   Average  monthly  temperature  (°  F)  for  the  study  area  were 
as  follows: 


January 

27.5 

July 

73.1 

February 

33.5 

August 

70.8 

March 

39.5 

September 

62.8 

April 

48.0 

October 

51.3 

May 

57.0 

November 

37.6 

June 

66.5 

December 

29.0 

Extreme  temperatures  in  San  Juan  County  are  110°  F  and  -35°  F.   Temperatures 
rarely  reach  100°  F,  however,  and  on  only  a  few  days  a  year  fall  to  zero  or 
below.   The  average  daily  range  of  temperatures  is  about  33°  F.   Frequent 
freezing  and  thawing  of  the  surface  takes  place  in  December  through  March,  when 
nighttime  temperatures  average  below  freezing. 

Freeze  data  for  the  Ojo  Encino  study  area  were  based  on  the  1966-197  5  records 
for  Chaco  Canyon,  which  are  summarized  in  table  D-l . 


*   Note  that  the  average  annual  precipitation  of  8.8  inches  for  Chaco  Canyon  is 
typical  of  arid  areas. 
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Table  D-l 
Study  Area  Freeze  Data 
Chaco  Canyon  (elevation  6,175) 
(degrees  F) 

Date  last  spring      Date  first  fall        No.  of  days 

minimum  of minimum  of between  dates 

24°   27°   32°       32°    28°    24°     24°   28°   32° 


Earliest  4/12  4/30  5/16  8/21  8/24  8/29 
Latest  5/23  6/26  6/26  10/9  10/15  10/16 
Average    5/11   5/29  6/5        9/19   9/26   10/2      145   120   106 

Precipitation 

Average  annual  precipitation  at  Chaco  Canyon  is  about  8.8   inches.   Monthly  pre- 
cipitation for  the  study  area  in  inches  is  as  follows: 


January 

0.39 

July 

1.19 

February 

0.52 

August 

1.41 

March 

0.60 

September 

1.15 

April 

0.40 

October 

1.04 

May 

0.60 

November 

0.47 

June 

0.38 

December 

0.61 

As  can  be  seen,  half  of  the  annual  precipitation  occurs  in  late  summer  and  early 
fall,  when  thunderstorms  are  most  active.   These  are  localized,  often  intense 
storms,  which  can  cause  flash  flooding  and  heavy  erosion. 

Some  variations  are  expected  in  these  average  values.   Near  the  study  area, 
annual  precipitation  ranges  from  about  3  to  14  inches. 

The  amount  of  total  precipitation  which  is  effective  can  be  directly  related  to 
intensity  of  precipitation.   Generally,  effective  precipitation  is  determined  on 
a  monthly  basis  with  the  first  inch  considered  95  to  100  percent  effective. 
Determining  effective  precipitation  this  way,  on  an  average  basis,  the  annual 
precipitation  of  8.8  inches  at  the  Ojo  Encino  study  area  appears  to  be  close  to 
7  inches  of  effective  precipitation.   Under  certain  soil  and  slope  conditions — 
such  as  soils  with  low  infiltration  rates  and  steep  slopes — this  figure  will  be 
much  less. 

The  snowfall  season  is  November  through  April,  with  an  annual  average  total  of 
about  9  inches.   Hail  occurs  occasionally  in  association  with  the  late  summer 
and  early  fall  thunderstorms. 
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Other  Climatic  Characteristics 

While  winds  at  higher  altitudes  move  generally  from  west  to  east,  surface  winds 
are  greatly  modified  by  local  topography.   During  much  of  the  year,  high- 
pressure  systems  and  fair  weather  are  dominant;  calms  are  frequent  but  usually 
short  in  duration.   Surface  winds  move  up  the  valley  slopes  during  the  day  and 
down  the  slopes  at  night.   Spring  is  the  windiest  season,  with  winds  averaging 
10  miles  per  hour.   Wind  speed  is  highest,  however,  during  the  summer  months. 
Strong  winds  up  to  25  miles  per  hour  are  most  common  from  the  west.   Very  strong 
winds,  occasionally  up  to  70  miles  per  hour,  are  associated  with  local  thun- 
derstorms and  thus  are  of  short  duration.   In  the  San  Juan  Basin,  particularly 
in  the  Chaco  River  drainage  area,  the  dry  exposed  topsoil,  scanty  vegetation, 
and  turbulent  winds  cause  much  blowing  dust  during  the  dry  months  from  November 
to  April.   Dust  devils,  vertical  vortexes  of  rapidly  moving  dust^laden  air,  are 
common  in  the  summer. 

Average  relative  humidity  is  nearly  50  percent,  ranging  from  70  percent  in  early 
morning  to  30  percent  in  the  afternoon.  In  late  spring  and  early  summer,  after- 
noon relative  humidities  are  15  to  20  percent. 

Pan  evaporation  at  Farraington  is  49  inches  annually.  It  may  be  as  much  as 
25  percent  greater  at  higher  plateau  locations  where  there  is  greater  wind 
movement. 

Effect  of  Weather  on  Study  Area  Revegetation 

Several  weather-related  factors  will  definitely  have  adverse  effects  on  revege- 
tation of  the  Ojo  Encino  study  area.   Low  annual  precipitation  rates  compounded 
with  erratic  distribution  patterns  and  high  summer  storm  intensities  create 
unfavorable  conditions  for  unadapted  species  seed  germination  and  plant  growth. 
The  effectiveness  of  the  incoming  precipitation  is  further  reduced  by  the 
occurrence  of  shallow  soils  over  some  of  the  area  and  by  relatively  low  soil 
infiltration  rates.   Strong  spring  winds  tend  to  remove  soil  moisture  that  could 
otherwise  be  utilized  in  seed  germination,  seedling  establishment,  and  general 
plant  growth.   Dry,  cold,  windy  winters  may  also  result  in  relatively  high  per- 
centages of  winter-kill  among  recently  established  vegetation. 

Climate  and  Aspect  (Exposure) 

South-facing  slopes  at  the  study  area  will  characteristically  be  subjected  to 
more  droughty  conditions  than  slopes  with  northern  aspects  or  exposures.   These 
droughty  conditions  result  primarily  from  the  prevailing  dry  west  and  southwest 
winds  and  from  higher  temperatures  due  to  greater  amounts  of  incoming  solar 
radiation.   Soil  movement  due  to  wind  erosion  may  expose  the  tender  roots  of 
plant  seedlings  or  bury  the  seedlings  entirely. 
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Evapotranspiration  Demand 

The  Ojo  Encino  study  area  has  an  estimated  annual  pan  evaporation  rate  of  about 
55  inches  and  an  annual  precipitation  rate  of  only  8.8  inches.   High  tempera- 
tures, low  precipitation  rates,  low  humidities,  and  regular  winds  result  in 
plant  moisture  deficits  far  exceeding  available  annual  moisture  levels.   This  is 
especially  true  during  the  summer  growing  season.   Therefore,  revegetation  of 
the  study  area  must  be  accomplished  using  native  plant  species  characteristic  of 
the  immediate  area,  which  have  shown  the  adaptations  or  inherent  abilities  to 
withstand  the  high  summer  moisture  deficits. 
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Physiography,  Relief,  and  Drainage 

The  study  area  is  situated  in  the  Navajo  Physiographic  Section  of  the  Colorado 
Plateau  Physiographic  Province,  which  in  turn  is  the  Interraontane  Plateau,  a 
major  physiographic  division  of  the  United  States. 

The  Navajo  Physiographic  Section  comprises  a  large  region  of  northwestern 
New  Mexico  and  northeastern  Arizona.   The  bold  contrasts  of  the  section's  land- 
forms  are  characterized  by  young  plateaus,  mesas,  hogbacks,  retreating 
escarpments,  and  debris-choked  dry  wash  canyons.   Though  there  are  numerous 
cliffs  and  escarpments,  talus  accumulations  are  rare.   Precipitation  is  low  to 
moderate,  the  latter  at  the  higher  elevations.   The  section's  San  Juan  River  is 
the  only  stream  which  collects  runoff  from  outside  the  section.   Vegetation  con- 
sists mostly  of  sagebrush,  bunch  grasses,  and  their  associates.   In  places, 
vegetation  gives  way  to  bare  soil,  bare  rock  badlands,  or  active  sand  dunes. 

The  physiographic  subdivision  of  the  Navajo  Section  which  contains  the  study 
area  is  the  Chaco  Plateau.   Boldly  scarped,  rolling,  broad  plains  and  mesas 
characterize  the  Chaco  Plateau.   Youthful  canyons  of  badland  topography  indent 
the  abrupt  escarpments  bordering  the  uplands.   Wide  swales  trenched  by  sand- 
choked  dry  wash  canyons  are  starkly  cut  into  the  plains.   The  effects  of  erosion 
by  wind  and  water  are  graphically  evident,  and  landforms  are  determined  by  the 
relative  resistance  and  attitude  of  the  rock  formations. 

The  study  area  is  located  on  the  southeast  side  of  the  Continental  Divide  between 
Ojo  Encino  Mesa  and  Little  Blue  Mesa.   The  low  hills  and  gently  rolling  terrain 
are  almost  barren  except  for  sparse  grass  cover.   (Figure  E-l  shows  the 
topography  of  the  study  area.) 

Drainage  in  the  area  forms  a  dendritic  pattern  south  and  southeast  toward  Papers 
Wash,  a  right  tributary  to  Torreon  Wash.   Encino  Wash  is  tributary  to  Torreon 
Wash  just  north  of  the  study  area.   Torreon  Wash,  a  major  dry  wash  drainage 
located  east  of  the  study  area,  is  tributary  to  Rio  Puerco.   Several  dry  washes 
in  the  north-central  portion  of  the  study  area  near  the  toe  of  Ojo  Encino  Mesa 
have  gradients  of  100  feet  per  mile.   Thin  to  nonexistent  soil  cover  and  vege- 
tation, the  poorly  pervious  nature  of  some  soils  and  underlying  rock  formations, 
and  relatively  steep  gradients  are  primary  factors  which  could  result  in  high 
runoff.   Infrequent  but  sometimes  intense  rainstorms  change  the  otherwise  dry 
sand-choked  channel  of  Torreon  Wash  to  a  raging  sediment-laden  torrent. 

Elevations  in  the  north-central  portion  of  the  study  area  range  from  6,620  to 
6,720  feet,  the  eastern  portion  ranges  from  6,600  to  6,682  feet,  and  the  hill  in 
the  far  western  portion  ranges  from  6,630  to  6,701  feet.   The  remainder  is 
gently  rolling  terrain  with  elevations  ranging  from  6,600  to  6,640. 
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Geology 
Regional  geology 

The  major  structural  element  of  the  region  which  includes  the  study  area  is  the 
San  Juan  Basin — a  circular,  intermontane,  structural  element  encompassing  a 
large  region  of  northwestern  New  Mexico  and  southwestern  Colorado.   Structural 
elements  of  the  basin  are  shown  on  figure  E-2.   The  basin  is  one  of  several 
interspersed  or  embayed  into  the  ranges  of  the  Rocky  Mountains  between 
New  Mexico  and  Canada.   The  boundaries  of  the  basin  are  in  places  sharply  defined 
by  monoclinal  folding  and  associated  hogbacks,  or  by  faulting,  while  in  other 
places  the  basin  merges  into  adjoining  depressions  or  uplifts.   The  basin  is 
asymmetric,  its  axis  being  located  in  the  northeast  quadrant  of  its  Central 
Basin.   The  Central  Basin  has  a  broad  south  limb  dipping  gently  northward,  on 
which  the  study  area  is  situated,  and  a  narrower,  more  steeply  dipping  north 
limb.   Thus,  the  study  area  is  in  ths  southeastern  quadrant  of  the  Central  Basin 
of  the  San  Juan  Basin.   The  rocks  within  the  Central  Basin  and  study  area  are 
clastic  sedimentaries  of  Late  Cretaceous  age.   They  are  undistrubed  by  faulting, 
though  a  few  broad  folds  with  gentle  dips  are  reported.   Gas  production  within 
the  Central  Basin  is  largely  from  stratigraphic  traps. 

The  San  Juan  Basin  contains  clastic  and  minor  chemical  sedimentary  rocks  ranging 
in  age  from  Cambrian  to  Quaternary,  having  a  maximum  total  thickness  exceeding 
14,000  feet  in  the  deepest  or  axial  northeastern  part  of  the  basin.   The 
nomenclature,  ages,  and  surface  distribution  of  the  rocks  pertinent  to  the  study 
area  are  shown  on  figure  E-3. 

The  varied  rock  sequence  of  the  San  Juan  Basin  reveals  many  epochs  of  marine  and 
nonmarine  deposition.   A  complex  sequence  of  Paleozoic  sandstone,  conglomerate, 
limestone,  shale,  gypsum,  and  a  number  of  unconformities  attest  to  alternating 
cycles  of  submergence  and  emergence.   During  the  Mesozoic  Era,  the  San  Juan 
Basin  was  primarily  an  emergent  area  at  which  time  fluviatile  sediments  of 
sandstone  and  shale  were  deposited.   During  the  early  part  of  the  Late 
Cretaceous  Epoch,  however,  seas  advanced  across  the  area,  depositing  the 
t ransgressive  Dakota  Sandstone  and  marine  Mancos  and  Lewis  Shales.   The  onset  of 
the  Laramide  orogeny  in  the  Late  Cretaceous  Period  resulted  in  a  retreat  of  the 
sea  and  deposition  of  the  regressive  Pictured  Cliffs  Sandstone.   The  superjacent 
Fruitland  Formation  contains  carbonaceous  shale,  sandstone,  siltstone,  and  coal 
which  were  laid  down  in  swamp  and  flood  plain  environments  on  coastal  lowlands 
adjacent  to  the  westward-retreating  Cretaceous  sea.   The  Kirtland  Shale,  which 
overlies  the  Fuitland  Formation,  consists  of  Upper  and  Lower  Shale  Members  and  a 
Middle  Sandstone  Member  which  represent  swamp,  flood  plain,  and  channel 
deposits.   As  the  Cretaceous  Period  closed,  increasing  orogenci  activity  and 
vulcanism  flooded  the  San  Juan  Basin  area  with  detritus,  which  constitutes  the 
McDermott  Member  and  other  parts  of  the  Animas  Formation  and  parts  of  the  Ojo 
Alamo  Sandstone.   Orogenic  and  volcanic  activity  continued  well  into  Paleocene 
time  in  the  Cenozoic  Era,  as  evidenced  by  andesitic  detritus  of  the  Animas 
Formation  and  fluviatile  sands  and  silts  of  the  Nacimiento  Formation.   A  late 
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FIGURE    f-5 


episode  of  this  orogenic  activity  is  evidenced  by  the  Eocene  San  Jose  Formation, 
a  "basin-filling"  sequence  of  sandstone  and  shale  derived  from  rising  fold  belts 
to  the  east,  north,  and  west.   During  this  episode,  the  prominent  structural 
features  of  the  basin  rim  were  formed,  including  the  Gallup  Basin,  Defiance 
Uplift,  Hogback  Monocline,  Archuleta  Anticlinorium,  and  Nacimiento  Uplift.   In 
Late  Cenozoic  time,  the  San  Juan  Dome  was  formed  by  volcanic  activity  and 
emplacement  of  intrusive  igneous  bodies  contemporaneous  with  elevation  of  the 
San  Juan  Basin  area.   In  relatively  recent  geologic  time,  erosion  by  water, 
wind,  and  glaciation  has  developed  the  present  landscape,  characterized  by 
buttes,  mesas,  and  drywash  canyons  in  the  basin,  and  by  hogbacks,  ridges,  and 
mountains  on  the  rims. 

Study  area  geology 

Investigations.   Five  Nx-size  (3-inch-diameter)  core  holes,  designated 
DH-0E-1A  through  DH-OE-5,  were  drilled  at  the  Ojo  Encino  study  area.  1_/ 
Locations  of  the  holes  are  shown  on  figure  E-l.   DH-OE-1  was  abandoned  at 
170  foot  depth  when  the  driller  lost,  and  was  unable  to  retrieve,  the  core 
barrel  and  string  of  rods. 

DH-OE-2  was  deepened  from  125.5  to  27U.5  feet  by  drilling  without  coring  for 
ground  water  studies  by  the  Geologic  Survey.   A  geologic  log  was  not  prepared 
for  the  hole  below  125.5  feet;  however,  geophysical  logging  of  the  hole  to 
200  feet  depth  was  done  by  the  Geological  Survey  (GS).   Two-inch-diameter 
perforated  plastic  pipe  was  installed  in  all  five  drill  holes. 

Continuous  Nx-size  coring  was  done  from  top  of  formation  rock  to  depths  suf- 
ficient for  penetration  of  all  beds  of  coal  in  the  Fruitland  Formation  and  into 
the  underlying  Pictured  Cliffs  Formation,  except  DH-OE-4  in  which  coring  started 
at  19.8  feet  depth.   Air  was  used  as  a  drilling  medium  in  each  of  the  five  drill 
holes  until  poor  core  recovery  required  the  contractor  to  use  water.   Overall 
core  recovery  was  good,  and  was  generally  excellent  where  water  was  used  as  the 
drilling  medium.   Core  recovery  was  excellent  for  all  beds  of  coal  except 
DH-OE-4  between  depths  27.5  and  30.0  where  there  was  no  recovery  and  DH-OE-5 
between  depths  1.0  and  19.8  where  a  2.0-foot  coalbed  was  probably  lost.   All 
coal  core  samples  were  sealed  in  plastic  bags  immediately  after  removal  from  the 
core  barrel  and  were  shipped  to  the  GS,  Denver,  for  testing  and  analysis.   The 
remainder  2_/  of  the  core  was  shipped  to  the  Bureau  of  Reclamation  laboratory, 
Lower  Missouri  Region,  Denver,  Colorado,  for  physical  and  chemical  analysis. 

The  study  area  geologic  map,  figure  E-4,  was  compiled  by  GS  using  7.5  minute 
quadrangle  topographic  maps  for  base. 


\_l      DH-1  shown  on  figures  =  DH-OE  (Ojo  Encino)  -1A  cited  in  text  and  logs. 
_2/  Less  some  core  which  was  provided  to  GS  for  geochemical  analysis. 
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Geology.   Surficial  materials  in  the  study  area  consist  predominantly  of 
aeolian  silty  sand  on  gently  sloping  areas  between  Encino  Mesa  and  Little  Blue 
Mesa.   Inactive  sand  dunes  in  the  northwest  portion  of  the  study  area  have  sparse 
grass  and  brush  cover.   Thin  accumulations  of  sandy-silty-claye.y  slope  wash 
derived  from  adjacent  steep  terrain  occur  locally  within  the  study  area.   The 
development  of  residual  soils  and  vegetative  growth  has  been  retarded  over  rela- 
tively large  areas  due  to  unfavorable  chemical  constituents  in  seme  of  the 
underlying  formation  rock,  moisture  infiltration  rates,  and  moisture  retention 
capabilities  of  the  soils. 

The  Late  Cretaceous  age  sedimentary  rock  formations  outcropping  over  much  of  the 
region  belong,  in  ascending  order,  to  the  Pictured  Cliffs  Sandstone,  Fruitland 
Formation,  and  Kirtland  Shale.   The  formations  dip  to  the  northwest,  toward  the 
axis  of  the  San  Juan  Basin,  at  angles  of  less  than  2  degrees;  consequently,  the 
Pictured  Cliffs  Sandstone  which  outcorps  in  the  southeastern  portion  of  the 
region  is  succeeded  successively  northward  in  the  region,  or  downdip,  by  the 
outcrop  belts  of  the  younger  Fruitland  Formation  and  Kirtland  Shaleo   Outcrops 
of  the  formations  are  delineated  on  figure  E-4.   Depth  intervals  in  which  the 
formations  were  cored  or  drilled  in  DH-0E-1A  through  DH-OE-5  are  identified  in 
interpretive  notes  on  the  geologic  logs  (section  K). 

The  Pictured  Cliffs  Sandstone  is  underlain  by  the  Lewis  Shale  of  Late  Cretaceous 
age,  which  consists  of  beds  of  clayey,  silty  shale  and  minor  thin  sandstone, 
ranging  from  200  to  500  feet  in  thickness.   The  Lewis  Shale  in  turn  rests  on 
sedimentaries  of  shale,  sandstone,  coal,  limestone,  gypsum,  salt,  and  quartzite 
more  than  10,000  feet  in  total  thickness  that  range  in  age  from  Cambrian  to  Late 
Cretaceous. 

The  Pictured  Cliffs  Sandstone  in  the  region  consists  predominantly  of  fine-to- 
medium  grained  sandstone  which  is  silty  and  slightly  clayey,  weakly  cemented  and 
friable,  massively  bedded,  and  light  gray  to  gray.   Minor  thin  beds  of  siltstone 
and  shale  are  reported  in  the  literature.   The  lithology  and  fossils  of  the  for- 
mation indicate  the  rocks  were  deposited  in  littoral  and  offshore  marine  environ- 
ments at  a  time  when  the  shoreline  of  the  Cretaceous  sea  was  regressing 
northeast  across  the  region.   The  Pictured  Cliffs  Sandstone  is  considered  one  of 
the  most  important  gas-producing  formations  in  the  central  and  northern  parts  of 
the  San  Juan  Basin. 

The  contact  between  the  Pictured  Cliffs  Sandstone  and  the  overlying  Fruitland 
Formation  is  arbitrarily  placed  at  the  top  of  the  uppermost  massive  sandstone  in 
the  Pictured  Cliffs  below  the  lowermost  coal  in  the  Fuitland  Formation.   Coring 
at  drill  holes  DH-0E-1A  through  DH-OE-5  penetrated  24.4  to  125„7  feet  of  the 
upper  part  of  the  Pictured  Cliffs  Sandstone.   Drilling  without  coring  in  DH-0E-2 
deepened  the  hole  for  ground  water  observation  well  completion. 

Overburden  materials  in  the  Fruitland  Formation  and  Kirtland  Shale  and 
materials  separating  the  Fruitland  coalbeds  consist  of  shale,  sandstone,  and 
siltstone.   The  shales  are  clayey  to  silty,  locally  bentonitic  and  gypsiferous, 
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carbonaceous  in  part,  firm  to  soft,  earthy  and  crumbly,  fissile  or  laminated  to 
massive  bedded,  gray,  dark  gray,  black,  or  brown.   Slickensided  fractures  are 
common.   The  sandstones  are  fine  grained,  silty,  slightly  clayey  to  locally 
clayey,  limy,  carbonaceous  in  part,  laminated  to  massive  bedded,  soft  to  weakly 
cemented  and  friable,  gray  to  light  gray.   Hard  ferruginous-cemented  concretions 
up  to  2  feet  in  diameter  occur  in  the  Kirtland  Shale. 

The  Fruitland  Formation  consists  predominantly  of  shale,  sandstone,  siltstone, 
and  coal.   Thin  beds  of  limestone  are  reported  in  the  geologic  literature  to 
occur  from  place  to  place  in  the  lower  part  of  the  formation;  however,  none  were 
cored  in  drill  holes  at  the  Ojo  Encino  study  area.   The  formation  was  laid  down 
in  flood  plain  and  swamp  environments;  consequently,  most  rock  units  are  discon- 
tinuous.  Individual  beds  thicken,  thin,  and  pinch  out  laterally,  often  within  a 
few  hundred  feet.   The  coalbeds  are  the  most  continuous  lithologic  units  and  in 
places  can  be  traced  for  several  miles.   Sandstone  is  usually  more  abundant  in 
the  lower  part  of  the  formation,  while  shale  and  siltstone  are  more  abundant  in 
the  upper  part.   Based  on  the  gologic  logs  for  DH-0E-1A  through  DH-OE-5 
sandstone  makes  up  an  average  of  roughly  44  percent  of  the  formation,  shale 
about  2b  percent,  coal  about  18  percent,  and  siltstone  about  12  percent. 

The  contact  of  the  Fruitland  Formation  with  the  overlying  Kirtland  Shale  is 
arbitrarily  placed  at  the  top  of  the  highest  coal  or  carbonaceous  bed.   The 
Fruitland  Formation  was  found  to  have  the  following  thicknesses  (feet): 
DH-OE-4,  176.1;  DH-OE-5,  162.5;  DH-OE-lA,  119.6;  DH-OE-3,  111.8;  and  DH-OE-2, 
100.1.   The  upper  part  of  the  formation  has  been  removed  by  erosion  in  all  drill 
holes  except  DH-OE-5. 

The  Kirtland  Formation  in  the  San  Juan  Basin  has  been  divided  into  three 
members — the  Lower  Shale,  the  Farmington  Sandstone  or  Middle  Member,  and  the 
Upper  Shale.   Only  the  Lower  Shale  is  evident  in  the  study  area,  where  most  of 
the  formation  has  been  removed  by  the  erosion  or  was  not  deposited.   According 
to  the  defined  contacts,  the  Kirtland  Formation  was  cored  between  depths  20.0 
and  2  7.5  feet  at  DH-OE-5. 

Interpretive  stratigraphic  hole-to-hole  correlations  of  the  various  formational 
contacts  and  coalbeds  are  shown  on  Figure  E-5 ,  Diagrammatic  Geologic  Sections. 

Aquifers.   No  recognizable  aquifers  or  other  significant  ground  water 
bodies  were  noted  during  coring.   Moreover,  the  generally  fine-grained  nature  of 
the  formation  rock  and  paucity  of  fracture  or  other  types  of  permeability  would 
generally  preclude  the  presence  of  significant  aquifers  to  the  explored  depths. 
Minor  quantities  of  perched  ground  water  occur  in  the  Central  Basin  of  the 
San  Juan  Basin  in  some  areas  in  relatively  shallow  sandstone  bodies.   Low  annual 
precipitation,  high  runoff,  high  evaporation,  and  terrain  consisting  of  mesas, 
narrow  ridges,  high  cliffs,  and  deep  canyons  usually  limit  infiltration  to  these 
bodies.   A  well  with  hand  pump  was  noted  in  T.  19  N. ,  R.  5  W.,  sec.  9,  where 
springs  are  shown  on  the  Ojo  Encino  Mesa  Quadrangle  Map.   More  discussion  on 
ground  water  bearing  units  at  the  study  area  is  in  the  Hydrology  and  Water 
Supply  section  of  this  report. 

E-5 


Engineering  geology.   The  shale,  sandstone,  and  siltstone  constituting  both 
overburden  in  the  lower  Kirtland  Shale  and  overburden  and  material  separating 
coalbeds  in  the  Fruitland  Formation  are  similar  in  engineering  properties.   Rock 
in  both  formations  is  firm  to  only  weakly  cemented,  except  for  minor  ferruginous- 
cemented  concretions  and  thin  beds.   All  excavation  would  be  classed  as  common; 
however,  blasting  would  facilitate  excavation. 

Excavations  in  the  Kirtland  Shale  and  Fruitland  Formation  would  stand  on  near- 
vertical  slopes  for  several  months.   Minor  ravelling  of  slopes  could  be  expected 
as  the  materials  dry  and  air  slake.   Stability  of  slopes  is  expected  to  decrease 
with  the  increased  moisture  of  wet  weather  (see  Results  of  Laboratory  Weathering 
Tests  and  Outdoor  Exposure  Tests  Conducted  on  Core  Samples,  section  N). 

daul  roads  surfaced  with  soil  material  would  be  unusually  slick  and  difficult  to 
travel  during  periods  of  wet  weather.   Haul  roads  would  be  unusually  soft  during 
period  of  alternate  freezing  and  thawing,  particularly  in  the  spring,  and  would 
require  continuous  maintenance. 

Some  overburden  materials  are  excessively  high  in  sodium  and  salts  and, 
therefore,  may  be  dispersive;  and  some  of  the  shales  are  known  to  be  expansive. 
Consequently,  these  materials  should  not  be  used  to  impound  large  quantities  of 
water  without  special  treatment  or  design. 
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SECTION  F 

COAL  RESOURCES* 

Introduction 

The  Ojo  Encino  study  area  is  located  in  the  south  part  of  the  San  Juan  Basin 
in  northwest  New  Mexico.   The  area  was  selected  by  the  U.S.  Bureau  of  Land 
Management  to  be  included  in  the  EMRIA  (Energy  Minerals  Rehabilitation 
Inventory  and  Analysis)  program  in  order  to  evaluate  the  reclamation  potential 
of  sediments  from  the  Upper  Cretaceous  Fruitland  Formation  in  this  part  of  the 
basin. 

The  Ojo  Encino  EMRIA  study  area  is  an  area  of  about  6.5  square  miles  (17  km^  ) 
located  2  miles  (3.2  km)  east  of  the  Star  Lake  Trading  Post  within  the  Star  Lake 
and  Ojo  Encino  Mesa  7-1/2  minute  quadrangles.   Five  holes  were  cored  by  the 
Bureau  of  Reclamation  (figure  E-l). 

Geologic  Setting 

The  Fruitland  Formation  consists  of  a  highly  varied  sequence  of  interbedded 
lenticular  nonmarine  claystone,  silty  and  sandy  shale,  crossbedded  sandstone, 
and  coal;  the  overlying  Upper  Cretaceous  Kirtland  Shale  is  of  similar  lithology 
but  lacks  commercial  coal.   The  Fruitland  is  underlain  by,  and  intertongues 
with,  the  marine  Pictured  Cliffs  Sandstone,  also  of  Late  Cretaceous  age.   Coal- 
bearing  rocks  below  the  Pictured  Cliffs  were  not  evaluated  in  this  study.   A 
geologic  map  is  shown  on  figure  E-4. 

The  coal  evaluated  for  this  study  comprises  a  series  of  as  many  as  three  major 
lenticular  beds  as  thick  as  21  feet  (6.4  m)  thick  (figure  F-l),   Most  of  the 
coal  is  in  the  lower  200  feet  (61  M)  of  the  Fruitland  Formation.   Maximum 
overburden  on  the  uppermost  mineable  coal  measured  in  a  drill  hole  is  160  feet 
(49  m) .   All  of  the  estimated  coal  resources  in  the  study  area  are  overlain  by 
300  feet  (91  m)  or  less  of  overburden. 

Characteristics  of  Study  Area  Coal 

For  this  study  area  eight  samples  analyzed  by  the  Department  of  Energy  show 
Btu/lb  values  that  range  from  7,888  to  9,990  on  the  as-received  basis.   On  the 
basis  of  these  data,  the  apparent  rank  of  the  coal  ranges  from  subbituminous  A 
to  high  volatile  C  bituminous.   For  the  purposes  of  this  report,  coal  resources 
were  estimated  using  an  apparent  rank  of  subbituminous  A. 

In  common  with  most  of  the  U.S.  coals,  Ojo  Encino  study  area  coal  falls  largely 
in  the  humic  series. 


*/   For  a  discussion  of  coal  in  general  and  of  the  terms  used  in  this  section, 
see  section  L. 
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Classification  of  coal  by  grade,  or  quality,  is  based  largely  on  the  content  of 
ash,  sulfur,  and  other  constitutents  that  adversely  affect  utilization,. 
According  to  Fieldner  and  others  (1942),  the  ash  content  of  642  U.S.  coal 
samples  ranges  from  2.5  to  32.6  percent,  averaging  8.9  percent;  and  sulfur 
content  ranges  from  0.2  to  7.7  percent,  averaging  1.9  percent.   The  ash  content 
of  the  eight  coal  samples  from  the  Fruitland  coal,  on  an  as-received  basis, 
ranges  from  11.6  to  28.3  percent,  averaging  21.0  percent;  the  sulfur  content 
ranges  from  0.5  to  .6  percent,  averaging  .55  percent. 

Table  F-l  presents  the  results  of  chemical  analyses  of  eight  coal  samples  of  the 
Fruitland  Formation  from  the  Ojo  Encino  EMRIA  study  area. 

With  regard  to  thickness  of  beds,  about  7  9  percent  of  the  estimated  resources  of 
the  study  area  is  in  the  thick  category  (more  than  10  feet);  about  21  percent  is 
in  the  intermediate  category  (5  to  10  feet);  and  none  is  in  the  thin  category. 
By  way  of  comparison,  Averitt  (1975,  figure  5  and  page  37)  showed  the  distribu- 
tion of  the  estimated  resources  of  21  states  as  42  percent  in  the  thin  category; 
25  percent  in  the  intermediate  category;  and  33  percent  in  the  thick  category. 

Quantity  of  Study  Area  Coal 

Coal  resource  estimates  have  been  prepared  for  the  Fruitland  coal  within  the 
Ojo  Encino  EMRIA  study  area  using  standard  procedures,  definitions,  and  criteria 
established  by  the  U.S.  Geological  Survey  and  U.S.  Bureau  of  Mines  for  making 
coal  resource  appraisals  in  the  United  States.   The  term  "coal  resources"  as 
used  in  this  report  means  the  estimated  quantity  of  coal  in  the  ground  in  such 
form  that  economic  extraction  is  currently  or  potentially  feasible. 

Tables  F-2  and  F-3  summarize  the  estimated  coal  resources  of  the  Ojo  Encino 
study  area. 

Summary  of  resources 

Total  estimated  identified  original  resources  in  the  Ojo  Encino  area  are 
132,850,000  tons  (120,490,000  metric  tons).   The  coalbed  thickness  class  of 
2.5-5  feet  contains  no  significant  measurable  resources.   The  coalbed  thickness 
class  of  5-10  feet  contains  28,090,000  tons  (25,480,000  metric  tons)  of  the 
estimated  resources.   The  coalbed  thickness  class  of  greater  than  10  feet  con- 
tains 104,760,000  tons  (95,020,000  metric  tons)  of  the  estimated  resources. 

The  estimated  resources  presented  in  this  report  are  original  resources;  that 
is,  resources  in  the  ground  before  the  beginning  of  mining  operations. 
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Figure  F-l . — Generalized  stratigraphic  section 
Ojo  Encino  EMRIA  study  area,  southern 
San  Juan  basin,  New  Mexico 
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Table  F-3. — Summary  of  estimated  Identified  subbltumlnou9  coal  resources  of  the 
Frultland  Formation,  01 o  Enclno  EMRIA  study  site,  as  of  July  1,  1980 

[Leaders  ( )  Indicate  not  present.   In  millions  of  short  tons.   1  foot  ■ 

0.305  meters.] 


T.  19  N.,  R.  5  W.   T.  20  N.,  R.  5  W.         Total 

Coal  beds  5  to  10 
feet  thick 

Measured  resources  2.61               2.61 

Indicated  resources  13.12             0.42  13.54 

Inferred  resources  8.90              3.04  11.94 


Total  24.63  3.46  28.09 

Coal  beds  more  than 
10  feet  thick 

Measured  resources  13.53  3.56  17.09 

Indicated  resources  54.60  19.99  74.59 

Inferred  resources  10.37  2.71  13.08 


Total  78.50  26.26  104.76 

Total  identified 

resources  103.13  29.72  132.85 
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SECTION  G 

OVERBURDEN  GEOCHEMISTRY 

Samples  from  the  column  of  overburden  rock  above  the  coal  at  the  Ojo  Encino  site 
were  analyzed  for  bulk*  chemcial  composition.   The  purpose  was  to  find  out 
whether  any  of  the  rock  material  had  unusually  high  contents  of  potentially 
troublesome  chemical  elements,  especially  in  comparison  to  rocks  that  overlie 
coal  in  other  parts  of  the  Western  Energy  Regions. 

A  second  goal  was  to  find  out  whether  benign  rock  material  could  be  distin- 
guished in  some  clear  and  simple  way  from  potentially  troublesome  material  (if 
any)  without  expensive  analysis. 

Sampling  Scheme 

Samples  were  taken  from  drill  holes  DH-OE-lA  and  DH-OE-3,  which  are  about  a  mile 
apart.   The  holes  were  sampled  to  depths  of  131  feet  and  147  feet,  respectively. 
Choosing  a  random  depth  near  the  top  as  a  starting  point,  a  6-inch  segment  of  the 
"Nx"  core  was  taken  every  10  feet.   About  every  fifth  sample,  an  extra  "companion' 
sample  was  taken  with  only  a  6-inch  gap  from  the  adjacent  sample  at  the  regular 
10-foot  spacing:   this  was  to  aid  in  determining  the  relation  between  chemical 
variability  and  spatial  separation  of  samples. 

Classification  of  Samples  into  Rock  Types 

Samples  were  classified  by  lithic  type,  as  identifiable  by  quick,  simple  tests 
and  by  appearance  in  hand  specimens.   This  classification  was  done  to  determine 
whether  the  different  rock  types  had  distinctive  chemistry;  if  so,  it  might  be 
possible  to  predict  the  chemistry  from  hand  specimen  observation  in  future  work, 
thereby  avoiding  considerable  delay  and  analytical  expense. 

The  samples  were  classified  into  the  followin  groups: 

1.  sandstone 

2.  siltstone 

3.  claystone  (shale  and  other  very  fine-grained  rocks) 

Analytical 

The  samples  were  analyzed  for  total  concentrations  of  a  suite  of  major,  minor, 
and  trace  elements,  by  spectrographic  techniques  (emission  and  X-ray  fluores- 
cence).  Results  of  "availability"  (chemical  leach)  determinations  will  be 
available  later. 


The  term  "bulk"  may  also  be  expressed  as  "whole-rock. 
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Chemical  Distinctiveness  of  Rock  Types 

Overburden  rocks  at  Ojo  Encino  show  a  general  relationship  between  chemistry  and 
rock  type.   Coarse-  and  fine-grained  rocks  have  characteristic  chemical  proper- 
ties, but  there  is  considerable  overlap  in  chemical  nature.   The  data  are  pre- 
sented in  table  G-l ,  not  only  for  the  Ojo  Encino  site  but  also  for  the  nearby 
San  Juan  Basin  EMRIA  site  called  Kimbeto;  also  for  a  broader  sampling  of  over- 
burden rocks  of  similar  age  (Cretaceous)  throughout  the  Western  Energy  Regions; 
also  for  soils  and  mine  spoils  of  the  San  Juan  Basin.   Table  G-l  presents 
selected  elements,  a  subset  of  all  those  analyzed,  that  are  of  the  greatest 
geological  and  environmental  interest.   It  shows  that,  with  few  exceptions,  the 
sandstones  have  the  lowest  concentrations  of  trace  elements  of  potential 
environmental  concern  (boron,  cobalt,  chromium,  copper,  molybdenum,  lead, 
vanadium,  and  zinc),  and  that  the  siltstone  (single  sample)  has  intermediate 
concentrations  and  claystones  the  highest  concentrations. 

The  rocks  from  the  Ojo  Encino  and  Kimbeto  sites  in  the  San  Juan  Basin  have  less 
chemical  difference  from  one  rock  type  to  another  than  is  the  case  at  other 
Cretaceous  age  sites.   The  chemical  data  suggest  that  this  is  so  because  in  the 
San  Juan  Basin  the  sandstones  are  arkosic  (contain  sand  grains  of  feldspar 
rather  than  of  quartz)  and  because  there  is  an  appreciable  amount  of  clay  in 
rocks  of  all  types.   At  some  other  locations,  sandstones  are  much  more  purely 
quartz;  and  clay  minerals  are  concentrated  in  the  claystones  (shales)  to  a 
greater  extent:   quartz  is  a  mineral  that  is  nearly  barren  of  trace  elements, 
feldspar  contains  modest  amounts  of  many  trace  elements,  and  clay  contains 
larger  amounts.   To  repeat,  the  differences  in  element  concentrations  of  these 
contrasting  rock  types  are  smaller  in  the  San  Juan  Basin  than  elsewhere. 

Chemistry  of  Ojo  Encino  (and  Kimbeto)  Rocks 

Compared  to  Other  Overburden  Rocks 

of  the  Same  and  Different  Ages 

In  order  to  assess  the  value  of  Ojo  Encino  rocks  for  use  in  reclamation  after 
mining,  it  is  useful  to  know  how  their  detailed  chemistry  compares  with  that  of 
other  overburden  rocks  that  have  been  investigated,  rocks  of  both  similar  and 
different  ages  (Hinkley  and  others,  1980;  Hinkley  and  others,  1978)  and  from 
both  nearby  and  distant  sites.   In  this  respect,  each  of  the  cheracial  parameters 
in  table  G-l  is  discussed  in  turn  below. 

The  basis  of  the  discussion  are  the  data  in  table  G-l,  where  only  average  con- 
centration values  are  given.   For  all  chemical  species  except  Si02,  the  type  of 
average  used  is  the  geometric  mean  rather  than  the  arithmetic  mean.   The 
geometric  mean  tends  to  minimize  the  effect  of  the  extreme  (very  high)  values 
which  may  appear  in  the  data  set;  it  tends  to  increase  the  likelihood  that  the 
average  value  will  fall  in  the  range  of  the  more  common  central  values  that  are 
really  most  typical  of  the  set  of  data. 

To  give  an  idea  of  the  dispersion  (variance)  of  the  data,  a  table  of  geometric 
deviations  is  presented  in  table  G-2.   This  information  gives  information  about 

G-2 


(I) 

cu 

c 

to 

0 

3 

0) 

en 

4-1 

(0 

01 

(j    CD 

0) 

•H     C 

•H    O 


N 

•H  O 

Vj  CO 

O  II 

-C  c 


a  n 
o  c 
H 


4J     CNJ 

O     II 
H     C 


CU 

CU 

c 

> 

o 

4-1 

M 

en 

01 

-i 

-- 

a 

^J 

<s 

o 

en 

-a 

01 

C 

CU 

to 

n 

•H 

II 

o 

00 

d 

cu 

t) 

m 

-o 

o 

u 

c 

^ 

o 
o 

CM 
O 


,-H  CM  in  o>  Cvl  ^H  CM  CM  r-\  <T\ 

,-H  cm  cm  ^-t         r^         ^o 


,— ICMOnCMOO>CM^OCMO 

^         ,_i         m         on  .-4         o>         oo 


OOOO^cnc^O^O 
,-t         rH         n         co  .-<         oo         co 


T3    ^O 

d  cm 

rj    II 


S3 

w 

J3 

a) 

X 

a) 

03 

H 

4-1 

3 

H 

•H 

!j 

CU 

•> 

x: 

01 

3 

£ 

01 

C 

(JO 

3 

aj 

3 

O 

u 

d 

O 

u 

G-3 


u  ~0        u 


>, 

X 

CO 

OJ 

H 

u 

O 

01 

,C 

4J 

a* 

c 

c 

0 

■H 

u 

in 

■a 

u 

0) 

H 

OJ 

«   .* 

1-J 

3 

Cfl 

o   o 

0) 

^H 

CO 

•H     O 

4J 

Ifl 

3 

T3    u 

CO 

> 

c 

e 

0) 

•H    T3 

OJ 

OJ 

i— i 

j= 

a. 

:      C 

■H 

4J 

E 

4-1    -H 

O 

co 

rH    to 

"> 

00 

-  c 

c 

0)    'H 

)-. 

•H 

C   Mh 

O 

14-1 

en 

O 

to 

0)     OJ 

CN 

t;  j= 

O 

>, 

C     4J 

•H 

r-H 

to   o 

C/l 

C 

en 

o 

■a 

I-. 

en   c 

0 

tu 

0)     X 

m 

w 

4J 

3 

CO 

u 

to 

CJ 

a. 

o 

•H 

01 

0J 

•a 

ej 

J3 

C 

X 

•H 

CI) 

01 

c 

r 

4-1      II 

o    c 

H 


> 

o 

m 

4_t 

ci 

en 

rH 

II 

3 

•H 

C 

O 

C/2 

01 

o 

CO  -» 

4-1  II 

o  c 

H 


>n  m 

tO    .—I 

r-H       II 

u    c 


4J      On 

O     II 

E-     C 


T3  <-0 
C  CN 
tO      II 


CO  CN  CO 


m        r~        co        co 


O  CM  r-l 


tNl  CM 


in        cm        r-> 


CN  CN  CN  CN 


cn        ci        m 


in        co        cn 


co        oo        cn        cn 

<t  r-l  \D  CN 


r^i-H*HCr»inOr— i        co 

rHCNCNCNtHrHCNCN 


r~     vC     vC 


m    cn 


in    cn   o    in 


in    cn    cn 


CO     CN 


rHi40^oooinvo~HOcoin 

CNrHOOCNrHi— (CNCNCNr-4 


O    co    f-n    in    co    in 

r~      rH      CO      rH      rH      rH 


o^        cn    cn 


CN    cn    in    CN 


O    <*    00 


CN     CN 


o 

->S 

O 

*-8 

CN 

o 

CN 

(  ) 

rH 

CO 

CO 

o 

< 

U 

z 

U 

J3 

CO 

CO 

H 

H 

- 

_C 

on 

3 

3 

O 

o 

CD 

U 

E 
U3 

■a 
c 
CO 


E 
O 

>N 
3 


G-4 


how  closely  the  whole  body  of  data  is  grouped  about  the  average,  or  how  broadly 
dispersed  it  is,  with  extreme  values  far  from  the  average.   The  geometric  means 
and  deviations  are  used  in  the  following  way  to  assess  the  spread  of  the  data: 
about  two  thirds  of  the  values  fall  between  a  lower  limit  of  GM/GD  and  an  upper 
limit  of  GM»GD;  about  95  percent  of  the  values  fall  in  the  broader  range  defined 
by  GM/(GD)2  and  GM»(GD)2.   In  an  actual  example  from  the  tables,  zinc  in 
claystone  from  "Other  sites  with  Cretaceous  overburden"  has  a  geometric  mean  of 
105  ppm  and  a  geometric  deviation  of  1.4;  95  percent  of  samples  of  such  material 
should  have  values  between  105/(1. 4)2  =  54  ppm  and  105  x  (1.4)2  =  20b  ppm. 

Si02 — Ojo  Encino  rocks  fall  into  the  middle  part  of  the  total  range  in  Si02  con- 
centration seen  in  the  larger  group  of  sites  that  have  the  same  age  rock 
(Cretaceous)  overlying  coal.   This  indicates  that  the  New  Mexico  rocks 
are  less  pure  as  lithic  types — there  is  more  clay  and  feldspar  in  the 
sandstones,  and  more  sand  in  the  claystones  than  is  common  elsewhere. 

AL203~There  is  more  aluminum  in  the  Ojo  Encino  and  Kimbeto  rocks  than  in  other 
Cretaceous  overburden,  indicating,  in  complement  to  the  Si02  data,  that 
there  is  a  lot  of  clay  and  feldspar  in  the  sandstone  and  siltstone. 

CaO Ojo  Encino  and  Kimbeto  sandstone  and  siltstone  are  high  in  calcium  rela- 
tive to  other  Cretaceous  overburden,  whereas  the  claystones  are  low  in 
calcium  relative  to  the  other  rocks.   This  is  probably  because  of  com- 
positional differences  between  species  of  feldspar  and  clay. 

Na20 — All  three  rock  types  are  distinctly  higher  in  sodium  at  Ojo  Encino  and 
Kimbeto  than  in  other  Cretaceous  overburden.   Their  concentrations  are 
closer  to  those  for  corresponding  rock  types  in  overburden  of  Tertiary 
Ft.  Union  Formation  material,  but  the  New  Mexico  rocks  are  higher  by  up  to 
a  factor  of  2. 

K-20 Ojo  Encino  and  Kimbeto  rocks  are  slightly  higher  in  potassium  than  other 

Cretaceous  overburden. 

B Ojo  Encino  and  Kimbeto  rocks  are  similar  to  other  Cretaceous  overburden 

rocks  in  boron  concentration.   However,  some  suites  of  Tertiary  overburden 
samples  have  concentrations  2-5  times  higher  for  both  sandstone  and 
claystone. 

Co Ojo  Encino  and  Kimbeto  rocks,  especially  sandstones,  are  higher  in  cobalt 

concentration  than  other  Cretaceous  overburden  rocks  but  are  about  com- 
parable to  Tertiary  rocks. 

Cr Ojo  Encino  and  Kimbeto  rocks  are  comparable  in  chromium  content  to  other 

Cretaceous  overburden  sites,   with  New  Mexico  sandstones  slightly  higher, 
siltstone  and  claystones  slightly  lower.   Tertiary  overburden  rocks  may  be 
2-5  fold  higher. 
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Cu Ojo  Encino  and  Kimbeto  rocks  are  higher  in  copper  than  other  Cretaceous 

overburden  rocks  but  comparable  to  Tertiary  overburden  rocks. 

Mo Ojo  Encino  and  Kimbeto  rocks  are  comparable  to  or  slightly  higher  than 

other  Cretaceous  rocks  in  molybdenum  concentration,  but  they  apparently 
have  only  about  half  (or  less)  as  much  as  Tertiary  overburden  rocks.   In 
areas  of  Tertiary  overburden,  molybdenum  toxicity  is  widely  regarded  as  a 
potential  problem  in  mine  spoil  reclamation  (Erdman  and  others,  1978). 

Pb Lead  concentrations  are  slightly  higher  in  Ojo  Encino  and  Kimbeto  rocks 

than  in  other  Cretaceous  overburden.   They  are  comparable  to  lead  values 
in  Tertiary  rocks,  but  in  Tertiary  rocks  there  is  much  greater  difference 
between  sandstone  (high)  and  claystone  (low)  than  in  Cretaceous  rocks. 


V Vanadium  concentrations  in  Ojo  Encino  and  Kimbeto  rocks  are  similar  to 

those  in  Cretaceous  overburden  rocks  from  other  areas.   They  are  similar 
to  concentrations  in  studied  Tertiary  overburden  rocks. 

Zn Zinc  concentrations  in  Ojo  Encino  and  Kimbeto  rocks  are  similar  to  those 

in  Cretaceous  rocks  from  other  areas,  but  in  the  other  areas  there  is  a 
greater  contrast  in  concentrations  between  sandstone  (low)  and  claystone 
(high)  than  is  seen  at  the  New  Mexico  sites.   Concentrations  are  similar 
to  those  in  Tertiary  overburden  rocks. 

Similarity  of  Ojo  Encino  Overburden  Rocks  to 
Natural  San  Juan  Basin  Soils 

In  bulk  composition,  Ojo  Encino  overburden  rocks  are  similar  to  natural  soils 
of  the  San  Juan  Basin.   The  data  are  summarized  in  table  G-l.   With  respect 
to  sodium,  probably  the  single  element  of  most  concern  in  reclamation  consid- 
erations, the  rocks  are  very  similar  to  the  soils  in  bulk  composition.   There 
is,  to  varying  but  moderate  degrees,  more  of  the  following  elements  in  the 
Ojo  Encino  overburden  than  in  the  soils:   aluminum,  cobalt,  copper,  lead, 
vanadium,  and  zinc.   Of  those  elements,  it  is  probably  favorable  that  there 
should  be  extra  copper  and  zinc  in  the  rocks  should  they  ever  be  used  as  soil 
replacement  material.   Except  for  very  unusual  geochemical  and  climatic 
settings,  the  elements  cobalt,  lead,  and  vanadium  are  seldom  present  in  suf- 
ficiently high  levels  to  be  toxic  hazards. 

The  bulk  chemistry  of  Ojo  Encino  overburden  rock  is  generally  favorable  with 
respect  to  postmining  reclamation  of  the  study  area.   However,  for  determining 
the  immediate  suitability  of  the  rock  as  a  replacement  for  the  soils  of  the 
study  area,  other  factors,  such  as  texture,  water-holding  capacity,  permeability, 
salinity,  sodicity,  and  weatherability,  must  also  be  considered.   These  other 
factors  were  the  basis  for  the  suitability  determinations  discussed  in 
section  H  of  this  report. 
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Relative  Abundance  of  Rock  Types 

At  Ojo  Encino  the  ratio  of  sandstone:   siltstone:   claystone  in  drill  cores 
sample   was  about  6  :  1/4  :  1  (31  samples  taken  at  Ojo  Encino).   At  Kimbeto  it 
was  about  2  :  1/4  :  1  (4b  samples);  and  at  the  other  four  Cretaceous  sites  from 
other  states,  it  was  about  1  1/3  :  1/2  :  1  (112  samples).   In  New  Mexico, 
sandstone  was  more  dominant  over  claystone  (shale)  than  at  other  Cretaceous 
sites,  although  there  is  a  big  difference  between  the  two  San  Juan  Basin  sites 
(3-fold  more  sand  at  Kimbeto).   Rock  classified  as  siltstone  is  not  very  abun- 
dant anywhere. 
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SECTION  H 

LAND  AND  OVERBURDEN 

Major  Land  Categories 

There  are  five  major  land  categories  encompassing  the  landforms  and  soil  bodies 
of  the  study  area.   These  are:   valleys  (about  12  percent  of  the  study  area); 
valley  sideslopes  (30  percent);  uplands  (49  percent);  flats  (7  percent);  and 
badlands  (2  percent).   Figure  H-l  shows  the  approximate  location  and  distribu- 
tion of  the  categories. 

Valleys 

This  category  is  dominated  by  valley  floors,  but  includes  flood  plains.   The 
topography  is  level  to  nearly  level.   The  soils  are  primarily  formed  from  recent 
alluvium,  or  there  is  no  real  soil  formation  due  to  the  recency  of  the  deposi- 
tion.  Because  of  the  physiographic  position  (i.e.,  overland  runoff  accumulates 
in  these  areas  in  times  of  heavy  precipitation),  the  lands  in  this  category  sup- 
port some  of  the  best  vegetation  at  the  study  site. 

Regarding  the  entire  soil  profile,  soil  above  bedrock  is  usually  60  inches  or 
more  deep.   Permeability  is  moderate  to  moderately  rapid  and  water-holding  capa- 
city is  low  to  moderate.   Soils  are  generally  moderately  saline  and  highly 
sodic.   Harmful  accumulations  of  other  chemicals  were  not  detected.   Colors  of 
the  surface  soils  range  from  black  to  light-yellowish  brown.   Textures  generally 
range  from  silt  loam  to  sandy  clay  loam.   Structure  is  usually  blocky,  granular, 
or  single  grain.   Subsoil  textures  and  colors  range  from  clay  loam  to  loamy  sand 
and  very  dark  brown  to  yellow  brown,  respectively.   Structure  is  generally 
single  grain  or  granular,  with  some  blocky.   Accumulations  of  calcium  carbonate 
were  found  in  the  majority  of  the  subsoils. 

Approximately  half  of  the  lands  in  this  category  appear  to  be  suitable  sources 
of  planting  media  (see  Land  Suitability  in  section  H  for  definition  of  suitable 
and  unsuitable  planting  media). 

Soil  profiles  3,  4,  6,  7,  8,  67,  76,  and  85  are  representative  of  this  category 
(see  figure  N-10).   The  dominant  soil  series  are  Beebe  and  Notal  (see  Soil 
Inventory  in  section  N  for  more  information  on  soil  series  at  the  study  area). 

Valley  sideslopes 

This  category  consists  primarily  of  level  to  gently  sloping  lands  on  valley 
filling  sideslopes.   The  soils  formed  in  mixed  alluvial  and  eolian  deposits. 
This  category  is  approximately  30  percent  of  the  study  area. 

Regarding  the  entire  soil  profile,  the  majority  of  the  land  category  has  soil 
depths  of  5  to  10  feet  or  greater  over  sandstone  or  shale  bedrock.   However, 
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there  are  small,  scattered  areas  having  soil  that  is  less  than  3  feet  in  depth. 
Permeability  and  water-holding  capacity  are  both  moderate.   Soils  are  generally 
fair  in  relation  to  salinity  hazard  but  are  highly  sodic.   No  other  chemical 
accumulations,  other  than  calcium  carbonate,  were  detected  in  field  and  labora- 
tory investigations.   Colors  of  the  surface  soils  are  typically  brown,  pale 
brown,  and  yellowish- brown.   Textures  range  from  fine  sand  to  clay  loam,  clay 
loam  being  the  most  prevalent.   Structure  is  usually  granular,  single  grain,  or 
crumb.   Subsoil  textures  and  colors  range  from  loamy  sand  to  clay  (sandy  loam 
and  loamy  sand  are  dominant)  and  light  grayish-brown  to  brown.   Structure  is 
primarily  granular  or  blocky. 

Most  of  the  soils  in  this  land  category  are  unsuitable  as  sources  of  planting 
media.   Areas  that  are  suitable  are  generally  small  and  widely  separated. 

Soil  profiles  20,  21,  26,  27,  29,  30  through  37,  48  through  52,  56,  57,  58,  60, 
61,  62,  66,  68,  69,  70,  71,  and  74  belong  to  this  category.   Dominant  soil 
series  are  Blancot  and  Azfield. 

Uplands 

These  lands  are  level  to  moderately  sloping.   Depth  to  bedrock  varies  from  less 
than  12  inches  to  over  10  feet.   Approximately  20  percent  of  this  category 
consists  of  soils  that  are  less  than  or  equal  to  12  inches  in  depth.   Small, 
dispersed  areas  of  rock  outcrops  are  found  throughout  the  uplands.   Areas  adja- 
cent to  this  category  are  generally  characterized  as  breaks,  leaving  uplands 
slightly  elevated  in  relation  to  the  surrounding  lands.   Shallow,  irregularly- 
shaped  depressions  are  found  in  this  category. 

Regarding  the  entire  soil  profile,  soil  above  bedrock  is  usually  60  inches  or 
more  deep.   However,  there  are  areas  where  there  is  virtually  no  soil  or  less 
than  2-1/2  feet  of  soil;  these  areas  are  small  in  area  and  number.   Permeability 
is  moderate  to  slow,  with  relatively  low  water-holding  capacity.   Soils  are 
generally  highly  sodic  (which  is  the  cause  of  the  limited  permeability)  and 
moderately  saline.   Toxic  levels  of  other  chemicals  were  not  detected.   Colors 
of  the  surface  soil  are  light  grayish-brown  to  dark  brown.   Textures  are 
generally  fine  sand,  sandy  loam,  or  clay  loam.   Structure  is  usually  granular, 
single  grain,  or  blocky.   Subsoil  textures  and  colors  range  from  clay  loam  to 
fine  sand,  and  light  brownish-gray  to  brown.   Structure  is  mainly  granular, 
blocky,  or  less  frequently  single  grain.   There  are  considerable  amounts  of 
calcium  carbonate  in  the  subsoils. 

Much  of  the  soil  in  this  category  is  marginally  suitable  or  is  unsuitable  as  a 
source  of  planting  media,  but  more  than  half  of  these  soils  are  suitable. 

Soil  profiles  1,  4,  9  through  19,  22,  23,  24,  38,  39,  53,  54,  55,  59,  63,  64, 
72,  73,  75,  77  through  84,  and  86  through  93  are  in  this  category.   The  dominant 
soil  series  are  Doak,  Shiprock,  Fruitland,  Uffens,  and  Huerfano. 
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Flats 

This  land  category  is  characterized  by  flat  landscapes  nearly  devoid  of 
vegetation.   It  includes  exposures  of  shale,  sometimes  covered  with  small,  thin 
areas  of  eolian  sands  and  small  areas  of  badlands. 

Regarding  the  entire  soil  profile,  the  few  existing  soils  are  usually  4  to 
5  feet  in  depth,  but  some  pockets  are  10  feet  or  more.   Permeability  is  slow  to 
rapid,  and  water-holding  capacity  varies  from  moderate  to  low.   These  soils  are 
generally  highly  sodic  and  moderately  saline.   As  with  the  other  categories,  no 
harmful  accumulations  of  chemicals  were  detected.   Surface  soil  colors  are  brown, 
light  gray,  and  dark  gray.   Texture  is  predominantly  clay  loam;  however,  a  small 
number  of  areas  are  loamy  fine  sand  or  fine  sand.   Structure  is  usually  blocky, 
with  some  granular,  single  grain,  or  platy.   Subsoil  textures  and  colors  range 
from  clay  loam  (predominant)  to  loamy  fine  sand  and  very  dark  grayish-brown  to 
very  pale  brown.   Structure  is  mainly  blocky  with  some  platy  and  granular. 
Buildup  of  calcium  carbonate  was  evident  in  the  subsoil.   Because  of  high 
salinity  and  sodicity,  and  lack  of  soil  material,  virtually  all  of  this  land 
category  is  unsuitable  as  a  source  of  planting  media. 

Soil  profiles  25,  28,  and  40  through  46  are  included  in  this  category.   The 
soils  series  of  the  few  areas  having  soil  are  Farb  and  Sheppard. 

Badlands 

This  land  category  consists  of  eroded  shale  knobs,  ridges,  and  the  lower  por- 
tions of  escarpments.   It  is  moderately  sloping  to  rolling.   There  is  very 
little  vegetation,  and  it  is  of  poor  vigor  and  quality.   There  is  little  of  this 
category  at  the  study  area.   The  category  includes  only  soil  profile  2. 

Regarding  the  entire  soil  profile,  soil  depth  of  soil  profile  2  was  42  inches. 
Permeability  is  moderately  rapid  to  rapid,  and  water-holding  capacity  is  low. 
The  few  areas  of  soil  present  are  saline  and  sodic.   The  surface  soil  was  a  dark 
yellowish-brown  loamy  sand  with  granular  structure.   The  subsoil,  also  a  loamy 
sand,  was  pale  brown  with  granular  structure.   Calcium  carbonate  accumulations 
in  the  subsoil  are  common. 

Virtually  all  of  this  category  is  unsuitable  as  a  source  of  planting  material 
because  soils  are  few,  scattered,  erodable,  and  chemically  unsuitable. 

Soil  series  that  may  be  found  in  this  category  include  Farb,  Persayo,  Sheppard, 
and  Fluvents.   Fluvents  consist  of  many  closely-related  alluvial  materials  that 
cannot  be  separated  into  specific  soil  series.   They  are  deep,  generally 
stratified,  and  widely  varied  in  textures. 

Land  Suitability 

Study  area  lands  were  surveyed  and  evaluated  in  order  to  classify  them  for 
their  suitability  as  a  source  of  planting  media  for  resurfacing  the  study  area 
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for  revegetation  (if  surface  mined).   The  survey  provided  data  on  the  quality, 
quantity,  and  ease  of  stripping  and  stockpiling  the  surface  material,  and  on 
other  factors  which  affect  suitability  of  the  lands  as  a  source  of  planting 
media. 

Specifications  were  developed  in  order  to  classify  the  study  area  lands  for 
their  suitability  as  a  source  of  planting  media.   The  specifications  are  the 
characteristics  of  the  three  land  suitability  classes — 1,  2,  and  6 — established 
for  the  study  area.   The  class  numbers  correspond  to  those  in  the  Bureau  of 
Reclamation's  classification  system.   The  specifications  include  quality  con- 
siderations such  as  texture,  salinity,  sodicity,  permeability,  infiltration 
rate,  available-water-holding  capacity,  and  erodibility.   The  main  quantity  con- 
sideration was  depth  of  suitable  material.   Stripping  and  stockpiling  con- 
siderations included  indurated  bedrock  exposures  and  excessive  slope.   The 
specifications  are  shown  in  table  H-l . 

Class  1  lands,  the  best  source  of  planting  media,  should  supply  a  large  amount 
of  highly  suitable  material  relatively  easy  to  stockpile.   If  not  surfaced  rained 
(due  to  depth  of  coal),  class  1  lands  could  probably  be  used  as  borrow  areas  for 
resurfacing  areas  with  insufficient  planting  media. 

Class  2  lands  have  planting  media;  but  the  media  are  lower  quality,  difficult 
and  expensive  to  handle,  and  limited  in  quantity. 

Class  6  lands  generally  do  not  have  suitable  or  sufficient  planting  media. 
Disturbance  of  these  lands  by  surface  mining  or  other  operations  will  require, 
if  the  lands  are  to  be  revegetated,  that  planting  media  be  borrowed  or  class  6 
materials  be  improved  by  processing. 

Procedures 

Study  area  lands  were  evaluated  in  the  following  manner  for  suitability  as  a 
source  of  planting  media.   Physical  and  chemical  soil  characteristics, 
topography,  and  internal  drainage  were  considered.   Land  forms  were  examined  in 
sufficient  detail  to  determine  their  effect  on  ease  of  stripping.   Field  obser- 
vations were  confirmed  by  laboratory  tests  of  representative  soil  samples. 

Land  classes  and  mapping  units  (see  Soil  Inventory,  section  N)  were  delineated 
in  the  field  on  aerial  photographs  (about  1  inch  =  660  feet).   Geological  Survey 
quadrangles,  7.5  minute  series,  were  used  for  location  and  reference  when 
mapping  the  land. 

Many  soils  were  bored,  examined,  sampled,  and  recorded  to  10  feet.   However, 
many  borings  were  limited  to  less  than  ID  feet  by  shale  or  sandstone  underlying 
most  of  the  area.   Additional  soils  were  examined  to  determine  texture  and  depth 
to  bedrock.   All  soil  profiles  were  located  and  recorded  on  the  aerial 
photographs. 
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Table  H-l 

Land  Suitability  Specifications  1_/ 

For  Lands  Used  as  Source  of  Planting  Media  for  Reclamation 

of  Surface-Mined  Areas 

BLM-BR  Coopertive  EMRIA  Program 

Ojo  Encino  Study  Area  -  New  Mexico 


Soils  2/ 


Land  class 


Texture  or  rock  type 


lfs  -  cl 


fs 


Available  water-holding 
capacity 

Permeability 
(Internal  drainage) 


1.25  in/ft 

Adequate  to  provide  a 
well-drained  and  aerated 
root  zone  and  an  infil- 
tration rate  which 
prevents  serious  erosion. 


0.75  in/ft 

Restricted  to  the  extent 
that  internal  drainage  may 
limit  choice  of  vegetation 
and  that  limited  infiltration 
will  require  special  practices 
to  control  erosion. 


Salinity  (at 
equilibrium) 

Sodicity  (at 
equilibrium) 


<  4  millimhos 


_<  10  ESP  -  may  be  higher 
if  permeability  meets 
1 imits  for  class  1 . 


<  12  millimhos 


<_  15  ESP  -  may  be  higher  if 
permeability  meets  limits  for 
class  2. 


Erodibility 


May  be  subject  to  slight 
erosion. 


May  be  susceptible  to  moderate 
to  severe  erosion  but  can  be 
controlled  with  proper  manage- 
ment . 


Weatherability  3/ 


Depth 


Will  break  down  readily 
soon  after  exposure  to 
weather. 


A  minimum  of  36  inches 
of  usable  and  strippable 
material. 


May  require  extended  period  to 
break  down  into  optimum  particle 
size  distribution  for  planting 
media,  but  can  be  used  in  less 
desirable  state  in  reasonable 
time  period. 

A  minimum  of  6  inches  of  usuable 
and  strippable  material.  4/ 


Topography  5/ 
Slope 

Surface  rocks 
Bedrock  outcrops 


<_  20  percent 

Not  a  factor  on  study  area. 

Will  not  affect  stripping 
or  quantity  of  suitable 
material  appreciably. 


<  35  percent 


Numerous  enough  to  reduce 
quantity  of  suitable  material 
appreciably  and  make  stripping 
expens  ive. 


Drainage 


Because  of  land  disturbance  by  surface-mining,  present  drainage 
conditions,  except  the  permeability  of  the  material,  are  not  a 
factor  in  the  classification.   Permeability  limits  are  covered 
under  Soils. 


Class  6 


All  areas  are  not  meeting  the  minimum  requirements  for  class  2. 
These  lands,  in  their  present  state,  will  not  provide  adequate 
planting  media  for  reclamation  purposes. 


1/   Specifications  are  based  on  rainfed  conditions  or  a  minimum  of  irrigation  for  starting 

plantings  and  maintenance  through  dry  periods. 
2/   The  limitations  under  Soils  are  applicable  to  the  evaluation  of  both  soil  and  the 

remaining  overburden  material  between  the  coal  and  soil. 
_3/   Weatherability  is  applicable  only  to  bedrock  or  consolidated  material. 
4/   Six  inches  is  considered  as  the  minimum  strippable  depth. 
5/      Topographic  factors  considered  are  related  primarily  to  stripping  conditions. 
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A  tile  spade  was  used  to  examine  the  surface  layers  (topsoil).   The  lower  soil 
profile  was  exposed  for  examination  and  sampling  with  a  truck-mounted  power  soil 
auger. 

Genetic  soil  horizons  and  the  underlying  substratum  were  studied  in  detail. 
Color,  structure,  texture,  consistency,  and  soil-moisture  relationships 
(permeability  and  water-holding  capacity)  were  observed,  the  last  being  the  pri- 
mary concern.   The  number  and  location  of  soil  samples  selected  for  laboratory 
analyses  and  greenhouse  studies  varied  according  to  the  particular  conditions  of 
the  area. 

Laboratory  tests  were  performed  to  evaluate  the  land  classification  done  in  the 
field.   Screenable  tests  (as  defined  by  the  Bureau  of  Reclamation)  were  made  on 
all  soil  and  bedrock  samples.   Additional  tests  were  made  when  more  data  were 
needed  to  support  classification  (see  Description  of  and  References  for 
Laboratory  Procedures,  section  N). 

Many  areas  assigned  certain  classes  may  contain  small  amounts  of  soils  of  other 
classes,  primarily  near  area  margins  where  classes  often  grade  into  others. 
Because  the  soils  in  both  classes  2  and  6  have  deficiencies,  each  class  is 
divided  into  subclasses  equivalent  to  certain  deficiencies  or  combinations  of 
deficiencies.   Table  H-2  describes  the  characteristics  of  class  1  and  the  major 
subclasses  of  classes  2  and  6.   For  the  reason  presented  in  the  following 
paragraph,  table  H-2  represents  only  about  the  top  3  feet  of  overburden. 

Because  areal  projection  of  soil  profiles  based  on  test  holes  is  less  accurate 
below  3  feet,  only  the  top  3  feet  of  material  were  considered  in  the  evaluation 
of  lands  as  a  source  of  planting  media  and  in  the  assignment  of  corresponding 
land  classes.   Therefore,  table  H-2,  which  presents  this  evaluation,  covers  only 
the  top  3  feet  of  material  and,  therefore,  all  land  classification  maps  in  this 
report  also  cover  only  the  top  3  feet  of  material.   However,  the  land  classifi- 
cation symbols  on  figure  H-2  can  describe  both  the  top  3  feet  of  material  and 
the  complete  soil  profile,  both  of  which  descriptions  are  given  in  the  profile 
descriptions  of  figure  N-10. 

Summary  of  land  classification  results 

Class  1  lands  (21  percent  of  study  area)  are  primarily  located  on  uplands  in  the 
study  area.   Soils  are  generally  medium  to  coarse  textured  and  deep.   They  have 
no  harmful  accumulations  of  soluble  salts  or  sodium  and  are  permeable. 
Topographic  features  will  not  hinder  stripping. 

Class  2  lands  (21  percent  of  study  area)  are  located  on  uplands,  valley 
sideslopes,  and  in  the  valleys.   Soils  are  generally  medium  to  coarse  textured 
and  shallow  to  deep.   Generally,  salinity  or  sodium  levels  are  acceptable  and 
permeability  is  good  but  a  few  areas  do  have  harmful  accumulations  of  chemicals 
and/or  restricted  permeability.   Topography  will  not  hinder  stripping. 
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Seporotes  Clc 
Separates  Subclos' 


(This  map   duplicated  in  Section  N 
at    I   12,000  scole  for  greoter  legibility.) 


LAND 
CLASS 

SECTION 

TOTAL 

TI9N,  R  5W 

T20N,  R5W 

2 

3 

4 

5 

7 

9 

33 

34 

35 

36 

1 

47 

4 

88 

197 

97 

35 

128 

75 

190 

0 

861 

2 

25y 

249 

18 

8 

47 

49 

0 

202 

21 

0 

853 

TOTAL 

306 

253 

106 

205 

144 

84 

128 

277 

211 

0 

1714 

6 

334 

38? 

534 

435 

176 

1  16 

112 

123 

109 

80 

2406 

GRAND  TOTAL 

640 

640 

640 

640 

320J  200 

240 

400 

320 

80 

4120 

'  For  complete  acreages  of  each  individual   lond  classification  see  Toble   N-14 


NOTE     Only   the     lop    three   feet   of    molenol    were  evaluated 
ond    classified    tor    suitability   o«  o  source  of   plonting  medio 
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FIGURE    H-4 
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Class  6  lands  (58  percent  of  study  area)  are  located  in  all  areas  of  the  study 
area.   Soils  range  from  fine  to  coarse  textures  and  from  shallow  to  deep.   Most 
have  harmful  accumulations  of  salinity  and  sodium  and  very  restricted  permeability. 
In  some  locations,  bedrock  outcrops  occur. 

The  location  of  the  classes  is  shown  on  figure  H-3;  the  location  of  classes  and 
subclasses  is  shown  on  figures  H-4  and  N-10.   A  complete  tabulation  of  land 
class  and  subclass  acreages  is  presented  in  table  N-14.   Figure  N-ll  shows  the 
location  and  acreage  of  suitable  and  unsuitable  soils.   Additional  information 
is  recorded  on  this  figure  to  help  identify  potential  problems  that  could  affect 
stripping  and  revegetation. 

Bedrock  Suitability 

Bedrock  materials  at  the  Ojo  Encino  study  area  are  in  three  geologic  formations — 

the  Pictured  Cliffs,  Fruitland,  and  Kirtland.   The  materials  in  these  formations 

are  discussed  in  the  previous  section  on  geology  (especially  the  Study  Area 
Geology  subsection). 

The  results  of  selected  physical  and  chemical  tests  performed  on  bedrock  samples 
(and  on  soil  samples)  are  summarized  in  tables  N-8  and  N-9.   The  bedrock  samples 
were  obtained  from  cores  from  drill  holes  DH-1  through  DH-5  located  as  shown  on 
figure  E-l  (DH-1  =  DH-1A). 

Weathering  tests  indicate  that  breakdown  of  the  materials  after  20  laboratory 
cycles  and  1  year  of  outdoor  exposure  varied  greatly  from  no  change  to  complete 
breakdown.   Of  a  total  of  8  samples  subject  to  freeze-thaw  tests  (laboratory 
cycles),  the  range  of  breakdown  was:   zero-20  percent  -  3  samples;  20-50  percent 
-4  samples;  above  50  percent  -  1  sample.   One  sample  (DH-4)  had  100-percent 
breakdown.   Of  those  samples  subjected  to  1  year  of  outdoor  weathering,  60  per- 
cent showed  some  slight  breakdown;  20  percent  showed  little  to  no  change;  and 
20  percent  had  complete  breakdown.  _V 

If  not  topsoiled  and  properly  managed,  smoothed  spoil  piles  may  develop  a  sur- 
face crust  and  be  relatively  impermeable  to  infiltration  from  precipitation. 
Results  from  the  disturbed  hydraulic  conductivity  tests  indicate  limited 
moisture  penetration  in  any  of  the  bedrock  samples  (table  N-8).   Wind  erosion 
and  blowing  dust  from  unvegetated  smoothed  spoil  piles  could  be  worse  than 
under  premining  conditions. 

Leaching  of  chemicals  from  the  surfaces  of  smoothed  spoil  piles  by  runoff  could 
be  higher  than  under  premining  conditions. 


V   See  Results  of  Laboratory  Weathering  Tests  and  Outdoor  Exposure  Tests 
Conducted  on  Core  Samples  from  Ojo  Encino,  New  Mexico,  in  section  N. 
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The  swell  factor  of  excavated  rock  from  the  Kirtland,  Fruitland,  and 
Pictured  Cliffs  formations  is  unknown  but  is  expected  to  be  relatively  high 
because  of  the  presence  of  appreciable  amounts  of  montmorillonite  in  the  shales 
as  is  indicated  by  the  cation  exchange  capacity  (CEC)  (table  N-8).   CEC  for 
87  samples  ranged  from  3.8  to  46.2,  averaging  21.6  milliequivalents  per 
100  grams. 

Hydraulic  conductivity  (in  inches  per  hour)  ranged  from  0.01  to  1.3,  averaging 
.06.   The  hydraulic  conductivity  determinations  are  not  a  measure  of  in-place 
permeability  but  indicate  expected  infiltration  rates  for  disturbed  bedrock 
material. 

The  total  of  60  chemical  analyses  of  saturated  paste  extracts  (table  N-8)  show 
consistently  high  concentrations  of  sodium  in  most  of  the  bedrock  samples. 
Sodium  concentrations  ranged  from  8.4  milliequivalents  per  liter  (meq/L)  to 
134.0  meq/L,  averaging  42.3  meq/L.   Electrical  conductivity  (EC  x  10-*  @  25°  C) 
ranged  from  .94  to  12.3  millimhos  per  centimeter  (mmhos/cm),  averaging  4.2. 
High  levels  of  sodium  (above  4.0  mmhos/cm)  can  adversely  affect  plant  growth  and 
soil  permeability. 

The  above  tests  and  others*  and  field  investigations  indicate  that  most  bedrock 
materials  are  unsuitable  as  planting  media.   Revegetation  of  overburden  spoil 
piles  at  the  Navajo  Coal  Mine  (which  has  similar  geology)  indicates,  however, 
that  germination  and  young  plant  establishment  on  some  bedrock  material  are 
possible  under  irrigation.   Therefore,  it  may  be  possible  at  the  Ojo  Encino 
study  area  to  mix  some  class  1  or  class  2  materials  with  selected  bedrock  and 
obtain  suitable  planting  media.   The  levels  of  sodium  and  clay  in  the  bedrock 
thus  may  be  reduced.   This  must  remain  speculation  until  research  identifies 
usable  types  of  bedrock. 

Bedrock  must  be  properly  stripped,  transported,  and  stockpiled  to  prevent  con- 
tamination of  planting  media. 

Toxic  Materials 

Selected  laboratory  and  greenhouse  studies*  of  samples  from  the  study  area  indi- 
cate no  significant  accumulations  of  toxic  materials  other  than  sodium.   If  a 
more  detailed  soil  survey  is  conducted  prior  to  raining  (see  Additional  Studies 
Before  Mining  below),  additional  toxic  or  other  materials  unfavorable  for  plant 
growth  may  be  found.   These  materials  must  be  properly  identified  and  disposed 
of  so  that  planting  media  and  water  supplies  are  not  contaminated. 

Additional  Studies  Before  Mining 

Before  soils  of  the  study  area  are  disturbed,  the  land  classification  conducted 
for  this  report  should  be  refined  to  assure  more  accurate  identification  and 
proper  disposition  of  all  soils. 


*  See  section  N,  table  N-8,  and  Laboratory  and  Greenhouse  Evaluation  of  Soil 
and  Geologic  Materials  as  Plant  Growth  Media  on  the  Ojo  Encino,  New  Mexico, 
site. 
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The  field  investigations,  weathering  tests,  greenhouse  studies,  and  laboratory 
analyses  of  study  area  bedrock  were  all  performed  on  selected  core  (DH) 

materials.  Data  derived  from  these  investigations,  etc.,  represent  only 
specific  drill  hole  sites  and  should  not  be  projected  without  additional 
investigations  of  the  study  area. 

Because  of  the  study  area's  severe  climatic  and  soil  conditions,  its  postmining 
reclamation  will  be  very  challenging,  allowing  only  a  moderate  chance  of  success. 
To  improve  the  chances  of  successful  reclamation,  additional  research  should  be 
conducted,  including  the  use  of  on-site  test  plots  and  covering  considerations 
such  as  soil  treatment  (as  with  gypsum),  irrigation,  erosion  control,  plant 
species,  and  management  of  revegetated  areas. 

Quality  of  Irrigation  Water  Supplies 

Please  refer  to  section  J  and  the  Hydrology  and  Water  Supply  Conclusions  subsec- 
tion of  section  C  for  an  evaluation  of  the  quality  of  water  supplies  to  be  used 
in  revegetating  the  study  area. 
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Photo  H-l.   Looking  southwest  from  north  of  profile  64, 
Picture  shows  class  1  and  class  2  lands. 
(See  figure  H-4  for  profile  locations.) 


Photo  H-2.   Looking  northeast  near  profile  4  at  class  1 
and  class  2  lands. 
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Photo  H-3.   Looking  northwest  near  profile  22  at  class  1 
land  in  foreground,  class  1  and  class  6  lands 
in  middleg round ,  and  badlands  in  far 
background. 
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Photo  H-4.   Looking  northeast  near  profile  63  at  large 
area  of  class  2  land. 


-J  v  «>'--'*-  **• 


,   W 


^ 


»■&&?£ 


Photo  H-5.   Looking  northwest  near  profile  28  at  class  b 
land  in  foreground,  class  1  land  in  far 
middleground  (shrubs),  and  badlands  in 
background. 
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Photo  H-6.   Looking  southeast  near  profile  73  at  class  b 
land  in  foreground  and  middleground  and 
class  2  land  in  far  background. 
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Photo  H-7.   Looking  north  near  profile  24  at  large  area 
of  class  6  land  in  foreground  and  middle- 
ground,  vegetated  sandy  ridge  in  near  back- 
ground, and  badlands  in  far  background. 


'A- 


& 


Photo  H-y.   Coal  outcrop  mined  by  local  residents  and 

located  near  study  area  south  of  profile  40, 
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Figure  J-l.   Topographic  map  showing  location  of  estimated  streamflow 

characteristics  and  observation  wells  at  the  Ojo  Encino  study  area. 
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SOIL    MAPPING    UNITS 


7002-  BADLAND   (279  *   ) 

7016  -  BEEBE-  NOTAL     ASSOCIATION   (227) 

70I7-N0TAL     ASSOCIATION    (228) 

7018  -  DOAK  -  SHIPROCK    LOAM    (238) 

7019  -  FRUITLAND  -  DOAK    COMPLEX,  ERODED    (241) 

7020  -  BLANCOT-  FRUITLAND     COMPLEX,     (242) 

7021  -  UFFENS  -  HUERFANO     COMPLEX    (275) 

7022  -   ROCK    OUTCROPS,   SHALE    (278) 
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SECTION  I* 

VEGETATION 

Introduction 

The  three  principal  investigators  spent  one  day  at  the  Ojo  Encino  study  area. 
Virtually  all  portions  of  all  sections  in  the  study  area  were  covered  by  the 
investigators.   USGS  maps  and  aerial  photos  were  used  in  the  field  to  facilitate 
the  accurate  placement  of  vegetation-type  lines. 

The  Ojo  Encino  study  area  has  little  topographic  relief  with  an  elevational 
range  of  2,003  m  (6,570  feet)  near  a  large  wash  in  the  northeast  corner  of  the 
area  (SW  corner  section  36)  to  2,042  m  (6,700  feet)  in  the  northwest  corner  of 
the  area  (NW  corner  section  5). 

A  number  of  arroyos  run  into  and  through  the  study  area  in  a  generally  NNW  to 
SSE  direction.   Many  of  the  drainages  spread  out  into  broad  playa-like  flats. 
This  water-spreading  pattern  often  isolates  island-like  areas  of  elevated  soil 
blocks.   These  raised  areas  appear  to  have  deeper  more  friable  soil  and  less 
clay  than  the  surrounding  flats  and  support  vegetation  similar  to  that  of  the 
dissected  mesas. 

In  the  western  portion  of  the  study  area,  primarily  in  section  5,  these  raised 
islands  are  sometimes  rocky  benches  which  appear  to  be  the  result  of  erosion 
(water  and  blowouts)  between  the  benches. 

There  are  occasional  clay  mounds  which  are  quite  pronounced  and  are  virtually 
devoid  of  plants.   They  resemble  miniature  badland  buttes.   The  most  striking  of 
these  lie  outside  the  study  area  north  of  section  5  in  section  32. 

Vegetation 

The  entire  study  area  appears  to  have  had  heavy  grazing,  and  there  is  little 
vegetative  or  species  diversity.   We  have  recognized  only  three  vegetation  types 
on  the  area  and  one  of  these  types  is  merely  a  mosaic  of  the  other  two.   The 
types  are:   Sagebrush  Steppe,  Riparian-Flats,  and  Mixed  Sagebrush-Riparian. 
Vegetation  patterns  are  shown  on  figures  1-1  and  1-2.   Photos  of  the  vegetation 
types  follow  the  figures.   Plants  observed  at  the  study  area  are  listed  in 
table  1-1. 


This  section,  the  Vegetation  Conclusions  in  section  C,  and  section  P  were 
prepared  by  Ecological  Assessments,  Inc.,  Route  2,  Box  252,  Las  Cruces, 
New  Mexico  88001,  in  1979. 


1-1 


C 

CO 

•H 

>-i 

CO 

a 

•H 

- 

a! 

co 

.c 

<u 

CO 

U 

3 

< 

M 

J3 

>i 

01 

tj 

00 

D 

CO 

4-1 

CO 

CO 

-a 

o 

OJ 

c 

X 

•H 

•H 

o 

s 

c 

w 

II 

o 

CJ 

•r- 1 

o 

co 

ai 

4-1 

j= 

CO 

4J 

t— 1 

f* 

M-t 

1 

O 

c 

CO 

4-1 

•H 

(-1 

M 

CO 

CO 

PL, 

a 

t4 

4-1 

Pi 

CO 

CO 

II 

W 

ea 

a) 

X 

4-1 

<u 

a 

c 

a 

o 

0) 

4-1 

co 

co 

<D 

O..C 

>-. 

CO 

H 

3 

V4 

e 

rO 

o 

Oi 

•H 

GO 

4!J 

CO 

CO 

CO 

4-1 

a;' 

II 

00 

<u 

< 

> 

i 

*— • 

i 

CM. 

M 

<V 

u 

3 

60 

Pn 


«*£ 


*■- 


** 


-h 


j 


Photo  1-1.  Easterly  view  from  eastern  portion  of  section  2  showing  sage- 
brush steppe  in  center  and  riparian  flat  in  background.  Note  raised 
elevation  of  sagebrush  steppe  in  relation  to  riparian  flat. 
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Photo  1-2.   Northerly  view  from  southern  edge  of  section  3*   Photo  taken 
from  top  of  low  hill  showing  sagebrush  steppe  on  side  slope  with  riparian 
flat  in  background. 
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Photo  1-3.   General  view  of  expansiveness  of  riparian  flat  vegetation 
pattern  on  Ojo  Encino  area. 
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Photo  1-4.  Westerly  view  of  riparian  flat  vegetation  pattern  from 
section  4  showing  limited,  isolated  "mottes"  of  sagebrush  steppe 
vegetation  on  elevated  soil  locations. 
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Photo  1-5.  Immediate  foreground  shows  Atriplex  vegetation  growth,  middle 
foreground  supporting  more  grass  vegetation  of  the  riparian  flat  pattern 
with  a  long  narrow  band  of  the  sagebrush  steppe  in  an  elevated  position 
immediately  behind  the  grass  area. 
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Photo  1-6.   Riparian  flat  with  more  uniform  vegetation  pattern  of  grass 
in  foreground  with  sagebrush  steppe  in  long  narrow  bands  across  the 
background. 


Table  1-1 
Plants  observed  at  Ojo  Encino  Study  Area* 

Life  forms:   T  =  tree,  S  =  shrub,  F  =  forb,  G  =  grass 


Plant 


Common  Name 


Life 
Form 


ASTERACEAE 

Artemisia  tridentata  Nutt. 


Ghryso thamnus  greenei  (Gray)  Greene 
Ghrysothamnus  nauseosus  (Pall.)  Britt. 

subsp.  bigelovii  (Gray)  K.  &  G. 
Gutierrezia  saro thrae  ( Pursh , )  Britt  & 

Rusby 


big  sagebrush         S 

Bigelow  rabbi tbrush    S 
snakeweed  S 


CHENOPODIACEAE 

A triplex  canescens  ( Pursh . )  Nutt 
A triplex  obovata  Mog. 

(=A.  jonesii  Standi.) 
A triplex  powellli  Wats. 
A triplex  saccaria  Wats. . 
Salsola  paulsenii  Litv. 

(=S.  kali  L.  of  authors) 
Sarcobatus  vermiculatus  (Hock.)  Torr. 


four-wing  saltbush 


Russian  thistle 
greasewood 


F 
F 
F 

F 
S 


CUPPRESSACEAE 

Juniperus  osteosperma  (Torr.)  Little 


Utah  juniper 


LILIACEAE 

Yucca  angusti folia  Pursh. 


soapweed  yucca 


POAGEAE 

Bouteloua  gracilis  (H.B.K.)  Lag. 

Hilaria  jamesii  (Torr.)  Benth. 
Muhlenbergia  pungens  Thurb. 
Oryzopsls  hymenoides  (R.&.S.)  Ricker 
Sporo bolus  airoides  Torr. 


blue  grama 

galleta 

sand  hill  muhly 

Indian  ricegrass 

alkali  sacaton 


G 
G 

G 
G 
G 
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Table  1-1  (con.) 
Plants  observed  at  Ojo  Encino  Study  Area* 
Life  forms:   T  =  tree,  S  ■  shrub,  F  =  forb,  G  =  grass 


Life 
PLant  Common  Name      Form 


POLYGONAGEAE 

Srlogonum  leptophyllum  (Torr.)  Woot.  & 

Standi. 


SALICACEAE 

Populus  wislizenii  (Wats.)  Sarg.  Rio  Grande  cotton- 

wood  T 


SOLANACEAE 

Lycium  pallidum  Miers.  pale  wolfberry 


Names  are  derived  from  A  Checklist  of  Gymno sperms  and  Angiosperms  of 
New  Mexico  (Wm.  Martin,  E.  F.  Castetter,  1970,  privately  publishedJ7 
published  floras  of  Arizona  and  of  Texas,  and  from  technical  litera- 
ture. Those  few  plants  not  recognized  to  species  in  the'  field  were 
collected  and  have  been  deposited  as  vouchers  in  the  New  Mexico  State 
University  Herbarium. 
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Sagebrush  Steppe 

This  upland  type  is  dominated  by  big  sagebrush  (Artemisia  tridentata). 
Scattered  grass  is  dominated  by  blue  grama  (Bouteloua  gracilis),  galleta 
(Hilaria  jamesii ) ,  and  occasional  tufts  of  Indian  rice  grass  (Qryzopsis 
hymenoides) .   Utah  junipers  (Juniperus  osteosperma)  are  scattered  on  rocky 
outcrops.   A  shrubby  wild  buckwheat  (Eriogonum  leptophylum)  may  also  be  found  on 
rocky  sites.   Sand  depressions  have  yucca  (Yucca  angustif olia) ,  four-wing  saltbush 
(Atriplex  canescens),  and  pale  wolf berry  (Lycium  pallidum). 

Riparian-Flats 

This  type  has  two  extremes — typical  arroyo  situations  and  large  flats  where 
shallow  water  may  stand  for  prolonged  periods  (the  evidence  of  standing  water 
can  be  seen  as  a  dark  area  on  an  aerial  photo  used  in  the  vegetation  study.   The 
arroyo  vegetation  is  dominated  by  the  shrubs  bigelow  rabbitbrush  (Chrysothamus 
nauseosus  subsp.  bigelovii)  and  greasewood  (Sarcobatus  vermiculatus).   At  the 
edges  of  broad  arroyos,  a  few  Rio  Grande  cottonwoods  (Populus  wislizenii)  are 
sometimes  found.   Alkali  sacaton  (Sporobolus  airoides)  is  common  in  the 
drainages.   On  the  drainage  flats,  a  group  of  Atriplex  forbs  are  common.   These 
are:   A_.  obovata,  A.  powellii,  and  A.  saccaria.   Russianthistle  (Salsola 
paulsenii)  is  frequent.   A  small  rabbitbrush  (Chrysothamnus  greenei)  is  also 
mixed  with  the  Atriplex  species.   Four-wing  saltbush  and  snakeweed  (Gutierrezia 
sarothrae)  are  scattered  in  this  type. 

Mixed  Sagebrush-Riparian 

As  indicated  earlier,  this  type  is  a  mosaic  of  the  Sagebrush  Steppe  and 
Riparian-Flats  units.   The  individual  stands  of  these  types  are  so  small  and 
intermixed  that  mapping  at  the  scale  used  for  this  study  would  be  impractical 
and  of  no  benefit  to  management  or  manipulation. 
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HYDROLOGY  AND  WATER  SUPPLY 


SECTION  J 


HYDROLOGY  AND  WATER  SUPPLY 


Surface  Water 


Quantity 


The  streams  in  the  Ojo  Encino  study  area  are  classified  as 
ephemeral  streams;  that  is,  flow  occurs  only  in  direct 
response  to  storm  runoff  and  channels  are  always  above  the 
water  table.   M uch  of  the  surface  runoff,  probably  due  to 
melting  snow,  occurred  during  December  through  March  of 
water  years  19  78-80.   This  information  is  based  on  data 
collected  at  two  stream-flow  gaging  stations  located  in  the 
vicinity  of  the  study  area  (table  Q-l). 
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lume  during  the  period  October 
0  from  20.3  square  miles  at  the 

Papers  Wash,  located  at  the 
the  study  area,  was  13  0 
yr)  and  the  maximum 

was  24  cubic  feet  per  second. 

average  annual  runoff  volume 
e  gaging  station  at  Chaco  Wash 
study  area,  was  676  acre-ft/yr 
s  peak  discharge  was  97  cubic 
e  monthly  runoff  volumes  at  the 
ns  during  the  three-year  period 


During  water  years  1978-80,  flow  occurred  on  11  percent  of 
the  days  at  the  Papers  Wash  streamflow  gaging  station  and  19 
percent  of  the  days  at  Chaco  Wash  streamflow  gaging  station. 
The  duration  of  flow  from  a  single  thunderstorm  at  these 
gaging  stations  typically  lasted  only  a  few  hours  while 
diurnal  flow  from  melting  snow  lasted  up  to  tv/o  weeks. 

The  estimated  average  annual  runoff  volumes  and  estimated 
flood  frequency  discharges  at  specified  recurrence  intervals 
of  the  larger  streams  flowing  through  the  Ojo  Encino  study 
area  are  shown  in  table  J-l.   The  locations  of  the  sites  are 
shown  in  figure  J-l. 
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Table  J-l. 


Estimates  of  annual  runoff  volumes,  flood 
discharges  at  10-  and  10  0-year  recurrence 
intervals,  and  annual  suspended-sediment  loads 
at  selected  locations  in  the  Ojo  Encino  study 
area  . 


Site 
Loca- 

Drainage 
area 

Annual 
runof  f 

Flood 

10-yr 

Di  scharge 
100-yr 

A 

Sus 

se 

nnual 

pended 

diment 

tion 

( squa  re 
miles  ) 

volume 
( acre-f  t ) 

( cubic 
feet 
pe  r 

second  ) 

(cubic 
feet 
pe  r 
second  ) 

1 
( 

oad  s 
tons  ) 

A 

3.  1 

20 

920 

2,320 

400 

B 

.4 

3 

570 

1  ,500 

51 

C 

5.  1 

33  . 

1  ,000 

2,600 

650 

D 

3.2 

20 

930 

2,300 

410 

E 

5.6 

36 

1  ,  100 

2,600 

720 

F 

20.3 

130** 

1  ,400 

3,400 

2 

,600** 

G 

4.7 

30 

1  ,000 

2,500 

600 

*Locations  shown  in  figure  J-l. 

**Average  annual  runoff  volume  and  suspended-sediment  load 
observed  during  water  years  1978-80  at  the  streamflow  gaging 
station  at  Papers  Wash  (location  F  in  figure  J-l). 


The  average  annual  runoff  volumes  in  table  J-l  were 
estimated  on  the  basis  of  unit  runoff  from  data  collected 
during  water  years  1978-80  at  the  streamflow  gaging  station 
at  Papers  Wash  (location  F  in  figure  J-l).   The 
flood-frequency  discharges  at  the  10-  and  100-year 
recurrence  intervals  in  table  J-l  were  estimated  from 
correlations  using  drainage  area  (Hejl,  1981). 
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Chemical  Quality 

Chemical  quality  of  the  surface  water  near  the  Ojo  Encino 
study  area  is  shown  in  tables  Q-2  to  Q-7.   The  tables 
include  major  chemical  and  physical  properties  and  trace 
element  values.   The  streamflow  gaging  stations  at  which  the 
water  samples  were  collected  for  analysis  during  the  period 
October  1,  1977  to  September  30,  1980,  are  located  at  Papers 
Wash  (southwest  corner  of  study  area)  and  Chaco  Wash  (8 
miles  west  of  the  study  area).   The  statistical  summaries 
presented  in  tables  Q-2  to  Q-7  include  all  water-quality 
constituents  for  which  analyses  have  been  made.   When  10  or 
more  analyses  have  been  made  for  a  particular  constituent,  a 
computation  of  the  mean,  standard  deviation,  and  percent  of 
samples  less  than  or  equal  to  a  specified  value  is  made  for 
the  constituent. 

Analyses  for  total  iron  and  manganese  were  available  only  at 
the  Chaco  Wash  gaging  station.   The  total  iron  from  five 
analyses  ranged  from  120  to  220  milligrams  per  liter  (mg/L). 
The  total  manganese  from  seven  sample  analyses  ranged  from 
1.1  to  4.0  mg/L. 

The  pU  wa s  measured  for  72  samples  at  the  gaging  stations  at 
Papers  Wash  and  Chaco  Wash.  The  pH  value  ranged  from  7.0  to 
8.9  with  a  mean  of  about  7.7  for  the  72  samples. 

The  sodium-adsorption-ratio  (SAR)  ranged  from  2.8  to  11.0 
for  8  sample  determinations  made  from  samples  collected  at 
the  Papers  Wash  and  Chaco  Wash  gaging  stations. 

Suspended  sediment 

The  suspended -sediment  concentrations  of  water  samples 
collected  at  the  streamflow- gaging  station  at  Papers  Wash  (F 
in  figure  J-l)  during  the  period  October  1,  1977,  to  September 
30,  1980,  ranged  from  566  to  19,800  milligrams  per  liter. 
(Table  Q-3).   The  estimated  average  annual  suspended- 
sediment  load  during  this  period  was  2,600  tons  per  year 
(tons/yr)  with  an  average  concentration  of  15,000  mg/L.   The 
suspended-sediment  concentrations  of  the  water  samples 
collected  at  the  s t reamf 1 ow-gagi ng  station  at  Chaco  Wash 
between  October  1,  19  77  and  September  30,  1980,  ranged  from 
706  to  26,100  mg/L  (table  Q-6).   The  estimated  average 
annual  suspended-sediment  load  was  11,0  0  0  tons/yr  with  an 
average  concentration  of  12,0  00  mg/L. 

The  estimated  average  annual  suspended-sediment  loads  at 
selected  locations  shown  in  figure  J-l  (A-G)  are  listed  in 
table  J-l.   These  loads  are  estimated  on  the  basis  of  unit 
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loads  (tons  per  square  mile)  computed  for  the  ephemeral 

s  treamf  low-gaging  station  at  Papers  VJash  during  the  period 

October  1,  1978  to  September  30,  1980. 


Ground  Water 

Pictured  Cliffs  Sandstone 

The  Pictured  Cliffs  Sandstone  (Late  Cretaceous)  directly 
underlies  the  Fruitland  Formation  which  contains  the  coal 
seams.   Its  lithology  is  characterized  by  dominantly  fine-to 
medium -grained  sandstone  interbedded  with  layers  of  shale. 
Sufficient  information  was  not  available  to  determine 
direction  of  flow. 

Coring  to  obtain  geologic  logs  at  five  wells  shows  the  upper 
part  of  the  Pictured  Cliffs  Sandstone  was  penetrated  to 
depths  from  25  to  126  feet  without  reaching  the  underlying 
formation.   Of  these  five  wells,  only  well  DH0E2  was 
developed  in  the  Pictured  Cliffs  Sandstone.   The  perforated 
interval  in  this  well  is  from  101  to  233  feet  below  land 
surface  (figure  J-l).   The  water  in  the  Pictured  Cliffs  is 
confined  as  indicated  by  water  levels  that  are  60  feet  above  the 
top  of  the  formation.   Sometimes  the  confining  layer  of 
shale  is  above  the  deepest  coal  seam,  as  is  the  case  at 
D1I0E3.   Water  within  the  formation  is  saline  with  an  average 
specific  conductance  from  two  measurements  of  4,700 
micro mhos  per  centimenter  at  25  degrees  Celsius.   A 
water-quality  analysis  is  shown  in  tables  Q-8  to  Q—  11.   The 
computed  t ransmis s i vi t y  for  the  well  was  0.2  feet  squared 
per  day.   This  well  would  have  an  estimated  yield  of  less 
than  10  gallons  per  minute  (gal/min). 

Coal  seams 

The  coal  seams  within  the  Ojo  Encino  study  area  are  part  of 
the  Fruitland  Formation  (Late  Cretaceous).   This  formation 
is  composed  of  lenticular  sandstone,  siltstone,  shale,  and 
coal  with  ground-water  contained  in  the  sandstone  and  coal 
seams.   Most  of  the  recharge  is  probably  from 
topographically  higher  areas  north  of  the  study  area  and 
upward  leakage  from  the  underlying  Pictured  Cliffs 
Sandstone.   The  Pictured  Cliffs  Sandstone  is  in  contact  with 
the  deepest  coal  seam  at  some  locations.   The  ground-water 
flow  within  the  coal  seams  appears  to  be  towards  the 
southeast,  based  on  the  ground-water  level  in  three 
observation  wells  within  the  study  area.   Because  of  the 
nearby  Continental  Divide  and  possibility  of  coal  seams 
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being  discontinuous,  the  direction  of  flow  within  the  coal 
seams  is  difficult  to  assess.   The  coal  seams  dip  to  the 
north  at  the  study  area. 

To  determine  site-specific  conditions,  wells  DH0E1A,  DHOE4, 
and  DH0E5  were  drilled  in  the  Fruitland  Formation  coal  seams 
at  the  Ojo  Encino  study  area  (figure  J- 1 ) .   Well  DH0E1A  has 

two  coal  seams  that  are  located  4  8  to  6  2  and  100  to  130  feet 
below  the  land  surface.   Water  levels  for  this  well  ue  re 

below  the  upper  coal  seam  and  fluctuated  in  the  deeper  coal 

seam.   Wells  DH0E4  and  DH0E5  each  have  one  main  coal  seam 
located  4  7  to  63  and  160  to  181  feet  below  the  land  surface, 
respectively.   Both  of  these  coal  seams  are  saturated,  with 
water  levels  always  above  the  coal  seams. 

Water  samples  were  collected  for  wells  DH0E4  and  DH0E5. 
Water-quality  analyses  for  both  wells  are  shown  in  tables 
Q-S  to  Q— 11.   Well  DH0E4  has  alkaline  water  with  an  average 
specific  conductance  from  two  measurements  of  6,45  0 
micromhos.   Water  for  well  DH0E5  is  less  alkaline  and  has  an 
average  specific  conductance  of  1,9  80  micromhos. 

Wells  DI10E4  and  DH0E5  have  transmissivities  of  0.6  and  50 
feet  squared  per  day,  respectively.   A  separation  of  the 
casing  in  well  DH0E1A  prevented  testing  of  its  water-bearing 
properties.   For  the  study  site,  transmissivities  between  1 
to  10  feet  squared  per  day  can  be  expected.   These 
transmissivity  values  equate  into  estimated  yields  of  less 
than  20  gal/min. 

Overburden 

The  overburden  materials  within  the  Ojo  Encino  study  area 
are  part  of  the  lower  member  of  the  Kirtland  Shale  (Late 
Cretaceous)  and  the  underlying  Fruitland  Formation  (Late 
Cretaceous).   The  lithologies  are  dominantly  interbedded 
layers  of  siltstone,  shale,  and  sandstone.   In  general, 
these  formations  have  limited  water-bearing  capacity. 

Wells  DH0E1  and  DI10E3  were  drilled  into  the  overburden  to 
depths  of  60  and  71  feet,  respectively  (figure  J-l).   Well 
D110E3  has  been  dry  since  it  was  initially  drilled  in 
September  of  1978.   Overburden  well  DH0E1  has  had  water  in 
the  bottom  of  the  well  to  a  depth  of  two  and  one-half  feet. 
The  water  is  alkaline  with  a  specific  conductance  of  4,600 
micromhos.   A  water  quality  analysis  for  well  DH0E1  is  given 
in  tables  Q-8  to  Q- 11. 

No  aquifer  tests  were  conducted  on  these  two  overburden 
wells. 
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Al luvi  urn 

The  alluvium  of  the  Torreon  Wash  borders  the  eastern  edge  of 
the  study  site.   These  alluvial  deposits  consist  of  a 
heterogeneous  mixture  of  gravel,  sand,  silt,  and  clay.   The 
flow  of  groundwater  in  the  alluvium  is  toward  the  south, 
kecharge  is  due  to  infiltration  of  thunderstorm  and  snowmelt 
runoff.   Discharge  is  by  evapo transpi ra t ion  ,  infiltration  to 
lower  bedrock  layers,  and  movement  downstream  (Lyford, 
19  7  9). 

Selected  chemical  properties  and  constituents  for  three 
shallow  alluvial  wells  in  Torreon  Wash,  within  a  mile  of  the 
eastern  border  of  the  study  area,  are  shown  in  table  J-2. 
The  p  H  ranges  from  C.U  to  8.3,  bicarbonate  ranges  from  443 
to  586  mg/L,  the  SAR  values  range  from  7.3  to  17,  and  the 
specific  conductance  ranges  from  923  to  1,180  micromhos. 
Trace  element  values  range  from  60  to  100  micrograms  per 
liter  for  boron,  0  to  70  micrograms  per  liter  for  iron,  and 
0  to  3  micrograms  per  liter  for  selenium. 

Deep  aquifers 

There  are  four  principal  aquifers  beneath  the  Ojo  Encino 
study  area.   In  ascending  order  these  formations  are  the 
Entrada  Sandstone,  the  Westwater  Canyon  Member  of  the 
Morrison  Formation,  and  the  Menefee  and  Cliff  House  Members 
of  the  Mesa  Verde  Group.   The  ground-water  flow  directions 
within  these  aquifers  (except  the  Entrada  Sandstone,  which 
was  not  assessed)  are  within  a  transition  zone  at  the  study 
area  (Lyford,  1979).   More  detailed  information  is  needed  to 
determine  the  direction  of  flow  at  the  study  area.   All  of 
the  aquifers  are  separated  by  units  of  shale. 

The  Entrada  Sandstone  (Middle  Jurassic)  is  between  5,800  and 
6,50  0  feet  below  the  land  surface  and  is  100  to  300  feet 
thick.   The  Entrada  consists  of  fine  to  medium-grained  silty 
to  quartzose  sandstone  exhibiting  eolian  c ros s bedd ing . 
Kecharge  is  from  high  outcrop  areas  at  the  boundary  of  the 
San  Juan  Basin.   The  aquifer  is  known  to  have  a 
potentiometric  surface  close  to  the  land  surface  and  should 
yield  approximately  400  gal/min  from  properly  constructed 
wells.   Water  from  the  formation  can  be  expected  to  be 
highly  saline  with  specific  conductance  in  the  range  of 
10,000  to  15,000  micromhos.   Table  J-2  lists  selected 
chemical  properties  and  constituents  for  two  wells  in  the 
region  of  the  study  area.   Included  in  the  table  are 
specific  conductance, bicarbonate,  iron  (Fe),  manganese 
(Mn),  boron  (K),  selenium  (Se),  and  sodi  uni-ad  s  o  p  t  ion  ratio 
(SAK).   Gallo  well  #2  is  located  25  miles  to  the  northwest. 
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The  Filon  well  is  five  miles  to  the  east  and  should  serve  as 
a  better  indicator  of  the  Entrada  Sandstone  water  quality 
for  the  study  area. 
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The  Cliff  House  Sandstone  (Late  Cretaceous)  is  15  0  to  250 
feet  thick  and  is  located  500  to  1,000  feet  below  the  land 
surface.   The  Cliff  House  is  dominantly  a  fine-to 
medium-grained  silty  sandstone.   Recharge  to  this  formation 
is  from  outcrops  to  the  south.   Expected  yield  is 
approximately  100  gal/min.   Water  in  the  formation  is  saline 
with  expected  specific  conductance  values  ranging  from  2,000 
to  4,000  micromhos.   Table  J-2  lists  selected  chemical 
properties  and  constituents  for  five  wells  in  the  study 
area.   All  the  wells  are  within  six  miles  to  the  south  and 
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west  of  the  study  area.   Since  this  is  up  gradient  of  the 
study  area,  water  with  concentrations  higher  than  the 
selected  parameters  can  be  expected  in  the  Cliff  House 
Sandstone  at  the  study  site. 

The  information  above  was  derived  from  Water-Resources 
Investigations  79-73  (Lyford,  1979),  and  from  measurements 
in  wells  located  in  the  region  surrounding  the  Ojo  Encino 
study  area.   The  deeper  aquifers  are  not  penetrated  by  any 
wells  within  the  study  area. 


Water    Supply 

Availability  for  Reclamation 

The  surface  runoff  has  the  best  water  quality  at  the  study 
area  and  the  alluvium  at  Torreon  Wash  has  the  second  best 
water  quality.   The  surface  runoff  is  highly  variable  from 
year  to  year  and  the  alluvium  is  probably  low  yielding  and 
limited  in  quantity. 

Ground  water  from  deep  aquifers  identified  in  this  report 
are  available  for  an  irrigation  supply.   Water  quality  of 
the  deep  aquifers  may  be  a  critical  factor  in  determining 
the  best  aquifer  for  reclamation.   The  information  presented 
is  speculative  since  there  are  no  wells  in  deep  aquifers  at 
the  Ojo  Encino  study  area. 

Availability  for  Mining  Operation 

An  adequate  and  reliable  water-supply  may  be  developed  from 
any  of  several  deep  aquifers  at  the  study  area. 
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SECTION   K 
GEOLOGY  APPENDIX 
Geologic  Logs 


K-l 


GEOLOGIC    LOG   OF    HOLE   NO    QH-QE-U 


SHEET. .  I. 


PROJECT    EMR1A FEATURE     PJp  WW  STUDY  SITE AREA.  ,  P  JO, EMC  t  NO.  COAL,  HELD STATE     ,  NEM  .MEXICO. 

COORDS.    N      !.782.',,68,5 E.  ,  ffiW'P OROUND  ELEV. .879!-.?  .    ANGLE   FROM   HORIZ •P-.O.  .  .  .OOMN 


BEOUN      8-19-78      .  FINISHED     a.-?1-?8 DEPTH    TO   BEDROCK  .10.0 

DEPTH   TO  HATER  .  .'.'?.■  P.  .  ,8-gp-?8  LOOPED   BY      .  ".- ,  L  ■   WITT, 


TOTAL   DEPTH 800.9      BEAR1NO 

REVIEWED  BY.  .   •*.  L. . JACKSON. 


eUSSiriCATIAN 

INTERVALS 


FIELD  PERMEABILITY  TCST 
(DESIGNATION  ,E-19.  EARTH  MANUAL  I 


DEPTH 
tf'EET) 


7^ 


1/1  - 


£3; 


JS5 


3  I 

*  *  i- 

e  u 


3 

«- 


2i 

DE- 


CLASSIFICATION AND 
PHYSICAL  CONDITION 


CONTRACTOR: 
ENTERPRISE  DRILLING 
OF  TULSA 


OR1LL  RIO: 

MAYHEM  500  AND  487 

H.C.Q.  COMPRESSOR 


DRILL  I NO  METHODS: 

0.0  FT-10.7  FT:  3  INCH 
THIN-WALL  PUSH  TUBE 
SAMPLER. 

10.7  FT-193.9  FT: 

CORED  WITH  10  FT  NX 
BARREL.  D1AMONO  BIT 
AND  AIR. 

193.9  FT-200.9  FT: 
CORED  WITH  WATER. 


HOLE  COMPLETION: 

REAMED  HOLE  TO  4-3/4 
INCH. 

PUMPED  (6  SACKS) 
CEMENT  SLURRY  THROUOH 
ROOS  TO  BOTTOM  OF 
HOLE.  LET  SET  OVER- 
NIGHT. DRILLED  OUT 
PLUG  FROM  120.5  FT  TO 
126.6  FT.  SET  BO  FT  OF 
PERFORATED  2  INCH  PVC 
PIPE  TOPPED  BY  SHALE 
CATCHER.  BENTONITE 
BALLS  AND  42. 1  FT  OF 
2  INCH  PVC  WITH  CAP. 
BACKFILLED  WITH 
AEOLIAN  SAND  15  FT 
ABOVC  SHALE  CATCHER 
AND  GROUTED  TO  SURFACE 
THROUOH  I  INCH  PVC 
PIPE. 


NOTE: 

OVERBURDEN  1NCLUOES 
ALL  SURFICIAL  MATER- 
IALS AND  BEDROCK  OVER- 
LYING FIRST  COAL  BED. 


6891 .2 


6672 . 5 


6659 . 4 
6658 . 2 
6657  2 


6628 . 9 
6627. 4 


0.0  FT-10.0  FT:  SURFICIAL  MATERIAL. 

AEOLIAN  S1LTY  SAND.  TAN  TO  MEDIUM  ORAY. 
PACT  BELOW  2.0  FT.  SM 


SILTSTONE. 


10.0  FT-I29.B  FT: 

FRUITLANO  FORMATION. 
PREDOMINANTLY  SHALE.  SANDSTONE. 
AND  COAL. 

10.0  FT-3B.4  FT:  SANDSTONE. 
FINE  TO  MEDIUM-GRAINED. 

10.0  FT-28.7  FT:  MOOERATELY  WEATHERED.  LIGHT 
TAN.  IRON  OXIDE  STAINS  ON  MOST  JOINTS.  DRY. 

28.7  TT-38.4  FT:  LIGHTLY  WEATHERED.  LIGHT 
ORAY.  IRON  OXIDE  STAINS  ON  SOME  JOINTS.  DRY. 

38.4  FT-41 .8  FT:  SHALE. 

LIOHTLY  WEATHERED  TO  39.7  FT.  IRON  OXIDE 
STAINS  ON  SOME  JOINTS.  S1LTY.  MOSTLY  LAMINAT- 
ED. DRY,  LIGHT  TO  OARK  ORAY. 


41  .8  FT-42.6  FT 
FRESH. 


42.6  FT-44.0  FT: 


CARBONACEOUS  SHALE. 

COAL. 

SHALE . 


43.0  FT-43.2  FT 
FRESH. 

44.0  FT-4",. 7  FT:  CARBONACEOUS  SHALE. 
FRESH. 

44.7  FT-73.8  FT:  SHALE. 

FRESH,  SILTY.  MOSTLY  LAMINATED.  DRY.  LIGHT 
TO  DARK  GRAY. 

47.9  FT-55.2  FT:  COAL. 

48.7  FT-48.8  FT:  SHALE  SEAM. 

55.2  FT -62.0  FT:  CARBONACEOUS  SHALE. 
55.4  FT-61 .6  FT:  COAL. 

72.3  FT-72.6  FT:  SANDSTONE. 
FRESH.  MEDIUM-GRAINED. 

73.8  FT-126.9  FT:  SANDSTONE. 

FRESH,  FINE  TO  MEDIUM-GRAINED.  LIGHT  GRAY  TO 
LIGHT  GREENISH  ORAY.  ORY.  SLIGHT  REACTION  TO 
HCL. 

78.9  FT-79.1  FT:  CALCITE  VEINLET. 

100.9  FT-116.0  FT:  CARBONACEOUS  SANDSTONE . 

101.0  FT-115.6  FT:  COAL. 
HATER  AT  112.0  FT. 

116.6  FT-117.4  FT:  CARBONACEOUS  SANDSTONE. 

I  16.8  FT-117. 1  FT:  COAL . 
120.0  FT-120.5  FT:  CARBONACEOUS  SANDSTONE. 
122.6  FT-124.4  FT:  CARBONACEOUS  SANDSTONE. 

122.7  FT-123.2  FT:  COAL. 

153.6  FT-123.9  FT:  COAL. 
124.4  FT-129.6  FT:  COAL. 


129.6  FT-200.9  FT: 

PICTURED  CIFFS  FORMATION. 

PREDOMINANTLY  FINE  TO  MEDIUM-ORAINEO  SAND- 
STONE. SILTY  AND  '3LI0HTLY  CLAYEY.  WEAKLY 
CEMENTED  AND  FRIABLE.  MASSIVELY  BEDDED.  LIGHT 
GRAY  TO  LIGHT  GREENISH  ORAY. 

129.6  FT-130.6  FT:  CARBONACEOUS  SHALE. 

130.6  FT- 154.1  FT:  SANDSTONE. 
FRESH.  FINE  TO  MEOIUH-ORAINED.  LIOHT  ORAY  TO 
L10HT  GREENISH  ORAY.  DRY.  SL10HT  REACTION  TO 
HCL. 

137.8  FT- 1 39. 4  FT:  CARBONACEOUS  SANDSTONE. 


COMMENTS: 


EXPLANATIONS: 


CS  •  CASINO 


CM  •  CEMENT 


FEATURE.  .  OJO  .  ENCI.NO  STUDY  SITE AREA QJO  ENCjNQ  C.O.AL.  FIELD SHEET.  .  1  .  .  .  OF.  .  ?  .  .  HOLE  NO.  .  PHtOE-IA. 


GEOLOGIC  LOG  OF  HOLE  NO  PH-PE-U 


SHEET 


PROJECT.  ,P«I* FEATURE  .  .OJO  PK\m  STUDY  SITE AREA  .  .  OJp  EMC  I  NO  COAL  flELO STATE  .  .  *«  .""ICO. 

COOROS.    N.  .!,?•».  (MM..? E.  .  UH,  168.9 GROUND   ELEV. P7P! :?      ANGLE   FROM  HOR1Z W.O  .  .  DOWN. 

BEOUN  .  .»-l.«-7«.  .  .  FINISHED     8-?7:?8 DEPTH   TO   BEDROCK     10.0 TOTAL    DEPTH 200-9      BEARING 

DEPTH  TO  HATER  .  .U«-P    .  .V?P-7P LOOPED  BY        R-.L.  WITT REVIEWED  BY.  .  .«!■,  L...  JACKSON 


ECXSSTTTEXrraS! 


NOTES 


IPHIQHATIP* 


held  permeability  test 

E-IB.  EARTH  MANUAL! 


DEPTH 
irEET) 


TROT- 
IP,  c« 


U 


j£5 
9fc!r 


3 

9. 


_UA 


EBY*LS 


a 


s, 


CLASSiriCATION  AND 
PHYSICAL  CONOITION 


6600 . 3 


6985. 3 
6583.8 


6578.6 
6576.8 

6574 . 3 

6971.6 
6570.6 


6563. H 
6561.8 


6994 . 0 
6991.7 


6527.0 


6517.5 


6902.2 


139. H   FT-I40.I  FT:  CARBONACEOUS  SHALE. 
147.8  FT-I4B.0  FT:  CARBONACEOUS  SANDSTONE 

1^9.5  rT-mg.a  FTi  carbonaceous  sandstone. 

I*«.t    FT-163.9  FT:    SILTSTONE. 

163.5  FT-17H.2  FT:    SHALE. 

174.2   FT-200.9   FT:    SANDSTONE. 

FRESH.    THINLY   BEDDED.    FINE    TO  MEDIUH-ORAINEO. 
LIGHT    GRAY 

IB3.7  FT:  CARBONACEOUS  SANDSTONE. 

THIN  11/32  INCH)  CARBONACEOUS  LAMINAE.  20  PCT 

199. 0  FT-199.9  FT:  SHALCY  SANDSTONE. 
40  PCT  SHALE.  LAMINAE  1  /<•  INCH-O.I  FT. 


COMMENTS: 


EXPLANATIONS: 


CS  •  CASINO 


CM  •  CEMENT 


FEATURE.  .  OJO.  CNCJ.Np.  STUDY  I.ITE AREA  ...  OX  ENCINQ  COAL . F I ELO SHEET.  .?.  .  .  OF.  .?.  .  .MOLE  NO  .  .  PH7PE-.IA 


GEOLOGIC    LOG 

OF 

hOLE   NO 

QH-OC-.IA.                     SHEET     J.  ...or  ..V. 

PROJECT    iMRIA                                               FEATURE     °JO  ENCINO  STUOY  SITE                  AREA       OJO  ENCINO  COAL   HELD                                         STATE        ***  MEXICO 

COORDS.    N      !• ?«•!•■? ■'>            E       B2«*.  162.5                                                              GROUND   ELCV ."?<>! 

:*.    ANGLE   FROM   H0R1Z          »Q.O        °OMN 

BEOUN      8-19-78         FINISHED     6-27-78            DEPTH    TO   BEDROCK     10. 0              TOTAL    DEPTH 800 

••.     BEARINO 

DEPTH    TO   WATER      M?°       9-20-78                    LOGGED    BY         «•   L-   MITT                                                 REVIEWED   BY... J-   L-   JACKSON 

TlELO   PERMEABILITY    T'  ST 

CLASSIFICATION 

(PtSION^TION      r-m.    r»RTH   MAMUAI  1 

I 

u  >- 

a. 

IN 

ERVALS 

h 

CLASSIFICATION  AND 

DEPTH 

ES 

4 

IS1 

o 

b 

0(0 

ii 

1 

NOTES 

ITEETI 

H 

in  ; 
§1 

JS5 

ays 

_j 

§5* 

up 

ft  Uf 

lu 

>UJ 
LIU. 

3- 

s 

PHYSICAL   CONDITION 

,p".T. 

•  r    Cal 

TO 

inn 

6500    3 

;        ■ 

- 

:      : 

-  210  - 

C 

I       " 

-  eeo  - 

-  23C  - 

-  SHO  - 

-  250  - 

-  260  - 

-  270  - 

-  290  - 

-  290  - 

;          ; 

■          \ 

COMMENTS: 

EXPLANATIONS: 

P    •   PACKER                           CS   •   CASINO                         CM   •   CEMENT 

FEATURE.  .  .OJO.  ENC.INO  STUQY  SITE ARt* 


9 JO  ENCINQ  COAL  FIELD 


SHEET  .  ?  ,  .  Of.  .?.  .  HOLE  NO  .  .  PH-OC-I A. 


GEOLOGIC    LOG    OF    HOLE    NO    PM-QC-8 


SHEET.  .  I    ...  Of  .    3 


PROJECT    EHRIA FEATURE.   °J?  ENCINO  STUOY  SITE AREA       OJO  ENCINO  COAL  FIELD STATE     .  NEM  MEXICO 

COORDS.    N    .h7«3..H«.B Z.  .  MS  Bee.-* OROUND   ELEV «>36.6      ANGLE   FROM  HORIZ 9Q.0        DOWN 


BEOUN  .    11-18-78      FINISHED    .U.-WrT"         DEPTH   TO   BEDROCK  .  1 .0  .  .  .  . 
DEPTH    TO   WATER  .  .*»7.-P      .".-80-?B  LOOPED   BY    ..  IPVJS  CABRERA 


TOTAL    DEPTH 


REV  I 


CLissintATiam 


.r°A  .  BEAR! NO 

EWED  BY.  .  .«•.  L..HITT 


NOTES 


ran  PERMEABILITY  TEST 
IDESIONAJION      t-IB.    EARTH   MANUAL) 


DEPTH 
irEETI 


m 


ill 


"P 

i   I 


3 

a- 


JH 


»"ALS 


L 

>-►- 

Lie 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


CONTRACTOR: 
ENTERPRISE  DRILL  I  NO 
or  TULSA 


DRILL  RIO: 
MAYHEH  S00  AND 
H.C.Q.  COMPRESSOR 


DRILLING  METHODS: 

o.o  rT-ie.o  rT:  used 

4-3/4    INCH   DRAO   BIT 
AND    AIR. 

set  le.o  n  or  s  inch 

SURTACE  CASINO. 

18.0  rT-185.5  FT: 
CORED  WITH  10  TT  SPLIT 
-TUBE  NX  BARREL.  AND 
DIAMOND  BIT. 

18.0  FT-35.0  rT: 

AIR. 
35.0  rT-185.5  rT: 

HATER. 

185.5  rT-870.5  ET: 
USED   4-3/4    INCH    TRI- 
CONE   ROCK   BIT. 

ELUSHED    HOLE    WH 
CLEAR   HATER    AND 
BAILED.    8    OPM. 

SET    165.0   ET   or   8    INCH 
PERFORATED  PVC    TOPPED 
BY    5   FT    SHALE    CATCHER. 
BENTON1TE    BALLS.    AND 
108.0   rT   OF    8    INCH  PVC 
H1TH    1.5   TT    ST1CKUP. 
AND    CAP. 

GROUTED  HOLE   rROM 

105.0  rT  to  7o.o  rT 

(8  SACKS  Or  CEMENT) . 
BACKE1LLED  HOLE  TO 
SURMCE  HITH  DRILL 
CUTTINGS. 

PULLED  SURFACE  CASINO. 

orrsET  io  rT  and 

REDR1LLED  0.0  FT- 

81  .0  rT  WITH  AIR.  TO 

contirm  top  or  COAL. 


NOTE: 

OVERBURDEN   INCLUDES 
ALL   SURT1CIAL   MATER- 
IALS   AND   BEDROCK    OVER- 
LYING riRST   COAL   BED. 


6638.1 
6689.6 


6683 . I 
6681.6 
6680.1 


6606.6 
6605 . 6 


65B0 . 8 
6579.5 


6578.1 
6570 . I 


6558.3 
6550 . 9 


6545 . 4 
6544 .  4 


0.0  FT-I.O  rT. 

SURT1CIAL  MATERIAL. 

0.0  rT-I.O  rT:  TAT  CLAY. 

BENT0N1T1C.  HIOH  PLASTICITY. 
TAN.  CH 


TOUOH.  DRY, 


i.o  rT-ioi.i  rT: 

TRUITLAND  rORMATION. 
PREDOMINATELY  SHALE. 

1 .0  rT-4.5  TT:  SHALE. 
HEATHERED,  BENT0N1TIC 
GRAY  TO  DARK  GRAY. 


SANDSTONE  AND  COAL. 
COMPACT,  BLOCKY.  DRY, 


4.5  rT-7.0  rT:  SILTSTONE. 

HEATHEREO.  CLAYEY  TO  SANOY .  BENTONITIC.  DRY. 
TAN  TO  OLIVE  ORAY  LAMINAE. 

7.0  ET-13.5  rT:  SHALE. 

HEATHERED.  CLAYEY  TO  SILTY.  BENTONIT1C.  CARBON 
SPECKS,  DRY.  OLIVE  TO  DARK  ORAY. 

13.5  rT-14.0  rT:  COAL. 
CONTAINS  SHALEY  LAMINAE. 

14.0  ET-15.0  TT:  SHALE. 

CARBONACEOUS.  MOIST.  DARK  ORAY. 

15.0  ET-16.5  rT:  COAL. 

CONTAINS  THIN  CARBONACEOUS  SHALE  AND  SILTSTONE 
LAMINAE.  MOIST,  BLACK  TO  DARK  ORAY. 


16.5  rT-37.6  TT: 


30.0  rT-30.5  TT 
ASHY  TO  SANDY 


COAL. 

SILTSTONE. 


31.0  ET-31.3  rT:  SILTSTONE. 
ASHY  TO  SANOY. 

37.6  rT-57.1  rT:  SANDSTONE. 

TINE-GRAINED.  SILTY,  BENTONITIC.  TEH  CARBON- 
ACEOUS SPOTS  AND  LAMINAE. 

55. B  rT-56.5  rT:  CARBONACEOUS  LAMINAE  1/8 
INCH  CLOSELY  SPACED. 


56.5  ET-57.1  rT: 
STREAKS. 


MANY  COAL  LAMINAE  AND 


57.1  ET-64.5  TT:  COAL. 

64.5  rT-66.5  TT:  SHALE. 

CLAYEY.  SILTY.  CARBONACEOUS  AND  SILTY  LAMINAE 
1/8  INCH  EROM  64.5  TT-66.5  rT.  MODERATELY 
HARD.  BLACK  TO  DARK  GRAY. 

66.5  TT-74.6  rT:  SANDSTONE. 

VERY  riNE  TO  riNE  GRA1NEO.  IRREGULARLY  LAMI- 
NATED HITH  CLAYEY  SHALE  ANO  CARBONACEOUS 
SEAMS.  OLIVE  ORAY. 


73.9  ET-74.6  rT: 
LAMINAE. 


CLOSELY  SPACED  CARBONACEOUS 


74.6  rT-B4.3  rT:  SANDSTONE . 
riNE-GRAlNED.  SILTY.  HEAKLY  TO  MODERATELY 
CEMENTED.  TEW  SCATTERED  CARBONACEOUS  SEAMS 
TO  0.3  TT.  LIGHT  ORAY. 

BH.3  rT-85.7  rT:  SHALE. 

CLAYEY.  SILTY,  SILTSTONE.  INCLUSIONS  AND  IR- 
REGULAR LAMINAE.  LOW  ANGLE  SLICKENS10ES  TO 
30  OEGREES.  DARK  GRAY. 

85.7  rT-86.4  TT:  SANDSTONE. 

VERY  TINE  TO  riNE -GRAINED.  GRADES  TO  SLIOHTLY 
CLAYEY.  HEAKLY  CEMENTED.  LIOHT  ORAY. 

B6.4  rT-87.6  TT:  SHALE. 

CLAYEY  HITH  MANY  SILTY  LAMINAE.  BLACK  TO 
LIGHT  ORAY. 

86.4    rT-87.3   rT:    SLAKES. 

87.3  rT-B7  5  rT:    LIMY   VEINLETS. 

b7.6  rT-91.8  rT:  SILTSTONE. 

SANOY  TO  SLIOHTLY  CLAYEY.  Ml TH  MANY  riNE 
CARBONACEOUS  SHALE  LAM 1ANE.  LIOHT  OLIVE  ORAY. 

91.8  rT-98.8  FT:  SHALE. 

CLAYEY.   SLIOHTLY  CARBONACEOUS.   MODERATELY 
HARD,   SLAKES.    DARK  ORAY. 

98.8  FT-98.7  TT:    SANOSTONE. 
VERY  riK    TO  riK-ORAIKD. 


SILTY.   HEAKLY  CE- 


EXPLANATIONS: 


CS   •   CASINO 


CM   •   CEWNT 


FEATURE.  .   OJO.  ENCINO.  STUQT  SITE AREA  ...  .OJO  ENCINQ  COAL. FIELD SHEET.  .  1  .  .  .  OF.  .  ?  .  .    MOLE  NO.  .  PH-pE,-8. 


GEOLOGIC   LOG 

OF 

HOLE   NO 

pH-OE-8       .                         9HTET      (?.          Of  .    3  . 

PROJECT.  EMRIA 

FEATURE     OJO  INC  1  NO  STUDY  SITE                 AREA      °*IO  ENCINO  COAL  FIELO                                      STATE       NEM  MEXICO 

COORDS.    N.  .  !  (78S..8M.8 E.  .  •*•(■■•.■!• GROUND   ELEV                6638 

BEOUN  .  .  !  I.-W.-7?.  .  FINISHED.  .».I.-?°7?B.  .  .  .  DEPTH   TO   BEDROCK  .  !  .0 TOTAL    DEPVH ?7° 

DEPTH   TO   WATER  .  ."»7.-P.  .    '.'.-2°-?? .  .               LOGGED   BY.       LOUIS  CABRERA                                        PEV1EWE 

:*..    ANOLE   FROM   HORIZ.        ?Q..O.     .  DOWN 

•?.  .  BEARING 

3   BY       H.   L.   MITT 

FIELD   PERMEABILITY    TEST 

CIassXTCaTIoN 

(DESIGNATION      E-IB.    EARTH   MANUAL) 

8 

u>- 

hi 

a- 

Si 

CLASSIFICATION   ANO 

DEPTH 

h 

Z    5 

ii 

1* 

8 

NOTES 

irEETI 

If 

en  = 

51 

ri 

£8 

Qo 
Do 

PHYSICAL   CONDITION 

«WT 

TO 

or  C«l 

a 

r 

'%> 

6939.9 

MENTED.    MODERATELY    HARD.    LIGHT    OLIVE    ORAY. 

96 

j-     -| 

6930.1 

92.7   FT-94.3  FT:    SHALE. 

CLAYEY.   BENT0NIT1C.    SLIGHTLY  CARBONACEOUS. 
NUMEROUS    SILTY    SANDSTONE    LAMINAE.    LOM   ANGLE    TO 
30  OCOREE   SLICKENSIDES.   BLACK   TO  LIGHT  ORAY. 

9M.3    FT-95.2    FT:    SANOSTONE. 

- 

SIMILAR    TO  92.2   FT-92.7  FT. 

too 

-  110  - 

6928.  «• 

6928.1 

99.2  FT-99.8  FT:    SHALE. 

- 

CLAYEY.   CARBONACEOUS  STREAKS  ANO  SPECKS.   LOW 

- 

ANGLE   PARTINOS   AND   SLICKENSIDES. 

99.8  FT-IOI.I    FT:    COAL. 
101 .1   FT-129.9  FT: 

PICTURED  CLIFFS  FORMATION. 

-  120  - 

PREDOMINATELY  FINE    TO  MEDIUM-GRAINED  SANO- 

1 

6911.1 

STONE,    SILTY   ANO  SLIGHTLY   CLAYEY.    WEAKLY 
CEMENTED    AND   TRIABLE,    MASSIVELY    BEDDED.    LIGHT 
ORAY   TO  GREENISH  GRAY. 

101. 1   FT-106.9  FT:    SHALE. 
CLAYEY   TO  SILTY,   BCNTONITIC.   CARBONACEOUS 

■ 

LAMINAE   ANO  SPOTS.   LIOHT    TO  OLIVE  ORAY. 

106.9  FT-129.9  FT:    SANDSTONE. 

-  ISO  - 

VERY  FINE-GRAINED,    SILTY.    BENTON1TIC.   SCATTER- 

ED CARBONACEOUS  LAMINAE.   LIOHT   TO  OLIVE  ORAY. 

110.2  FT-II0.9  FT:    SHALE. 

CLAYEY.   BLACK.   COMPACT   ANO  SLICKENStOCO. 

129.9  FT-270.9  FT:    NO  CORE   RECOVERED. 

-    IHO  - 

-  190- 

-   ISO  - 

0 

-  no  -^ 

-  lao  - 

-  190  - 

COMMENTS: 

EXPLANATIONS! 

f  •  PACKER                         CS  •  CASINO                       CM   -   CERENT 

FEATURE.  .   OJP.  WINO.  BTWT  SITE AREA  QJO  ENC|NQ  COAL. FIELD SHEET.  .?.  .  .  OF.  .?.  .    HOLE  NO  .  .  PH-0E,-2. 


GEOLOGIC    LOG    OF    HOLE    NO    pM-pc-8 


SHEET    .  ?.  . 


PROJECT    EMRU FEATURE     P-»  ,  WINO,  STUOY  SITE AREA.     PJQ  EMC.' f*P  COAL  MELD STATE       •»  ""'CO 

COORDS.    N      ! ..™.™-.« E       8?".6M1-H GROUND   ELEV.  6636. B      »N0LE    FROM   HORIZ         .«»•.•        OOMN 

BEGUN      ll-|?-7B      FINISHED    .  1.1 -80r?8       .  DEPTH   TO   BEOROCK  . ! -.Q TOTAL   DEPTH 8"H>-5      BEARING 

DEPTH    TO   HATER  .  .".T-P      ."-g°-?9  .  ...  LOGGED   BY         LOUIS  CABRERA 


htLO   PERMEABILITY    TEST 
tPCSIONATIOH   ,C-lfl.  EA^TH  rWWAl) 


cLls5iriCATIflH 

INTERVALS 


REVIEWED  BY.  .  .►*■.  L,.HITT 


NOTES 


DCPTH 
(EEET1 


r»on  I 

IP.    Ct 
•  r    C«l 


u 


9Vi 


?5 


8, 


V 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


EXPLANATIONS: 


CS  •  CASINO 


CT  -  CEMENT 


FEATURE... OaO.fNCI.NO.  STUDY  SITE AREA  .  .  .  OJO  ENC|NQ  COAL  FIELD. SHEET.  .?...  OF.  .?..  MOLE  MO.  .  PH-OE-?. 


GEOLOGIC    LOG    OF    HOLE    NO    PM-pC-3 


SHEET 


or  .  .3. 


PROJECT.  P«.t* FEATURE    .PJP.  ENCIMO.  STUDY  SITE AREA.     9^  EMC  I  NO.  COAL  FIELQ STATE       NtM.NEXICO. 

COORDS.    N      I-.7?7.-???5 F.  .  .  640,931.9 GROUND   ELEV. .8623,9      ANOLE    FROM   HORIZ       .  .90.0  .  .  DOWN 


BEGUN      8-28-78        FINISHED    a-?7"78    .  .  .  OEPTH   TO   BEDROCK  .!■.» 

DEPTH    TO   HATER      6.°°        9-5' r78  LOGGED    BY  LOUIS  CABRERA 


TOTAL    DEPTH WO.  p.     BEAR  I  NO 


INTERVALS 


REVIEWED  BY.  .  H..  L.  MITT 


MELD  PERMEABILITY  TEST 

IDESIQNATION   E-1B.  EARTH  MANUAL I 


DEPTH 
ITEETI 


7W, 


:  uiz 

ifer 


CLASSiriCATION  ANO 
PHYSICAL  CONOITION 


CONTRACTOR: 
ENTERPRISE  ORILLINO 
OF  TULSA 


DRILL  RIO: 
HAYHEH  500 


ORILLINO  METHODS: 

0.0  FT-2.0  FT:  USED 
3  INCH  THIN-HALL  PJSH 
TUBE. 

2.0  FT-7.5  FT   USED 
4-3/4  INCH  FISHTAIL 
8IT  AND  AIR  TO  OET 
CORE  BARREL  STARTED. 

7.3  FT-75.3  FT:  CORED 
HITH  10  FT  NX  SPLIT- 
TUBE  BARREL.  DIAMOND 
BIT,  AND  AIR. 

75.3  FT-250.0  FT: 
CORED  HITH  HATER. 

REAMED  HOLE  TO  4-3/4 
INCH  HITH  FISHTAIL  BIT 
AND  AIR. 


9-22-78:  CEMENTED 
PLUO  IN  BOTTOM  OF 
HOLE. 


9-23-78: 
NOT  SET 


CEMENT  DID 
■  RECEMFNTED. 


9-87-78:  SET  PVC  TO 
152.0  FT.  HOLE  CAVED 
AT  75.0  FT,  LOST  40.0 
FT  OF  PVC  IN  HOLE. 

11-20-78:  OFFSET  HOLE 
AND  DRILLED  0.0  FT- 
69.0  FT  HITH  4-3/4 
INCH  ROCKBiT  AND  AIR. 


HOLE  COMPLETION: 

SET  71.0  FT  OF  2  INCH 
PVC.  LOHER  59.2  FT 
PERFORATED.  SHALE 
CATCHER  AT  9.8  FT. 
SEALED  HOLE  HITH  1/2 
SACK  OF  BENTONITE. 
OROUTED  HOLE  TO  2  FT 
OF  SURFACE. 


NOTE: 

OVERBURDEN  INCLUDES 
ALL  SURFIC1AL  MATER- 
IALS AND  BEDROCK  OVER- 
LYING FIRST  COAL  BED. 


6603.9 
6602  9 


8599.6 
6597 . 1 


6590 . 9 
6587 . 3 


6580 . 0 
6578.7 


6573.9 
6572.4 


6554 .  3 
6533.1 

6331.2 
834B.7 


0.0  FT-I.O  FT: 

SURFICIAL  MATERIAL. 

0.0  FT-I.O  FT:  CLAYEY  SAND. 

APPROXIMATELY  80  PCT  PREDOMINATELY  FINE- 
ORAINED  SAND.  APPROXIMATELY  20  PCT  MEDIUM 
PLASTICITY  FINES.  MEDIUM  TOUGHNESS,  MEDIUM 
DRY  STRENGTH,  LIMY  WITH  A  FEH  LIMY  NOOULES. 
BROHN.  SC 


1.0  FT-124.3  FT: 

FRU1TLAND  FORMATION. 

PREDOMINATELY  SHALE.  SANDSTONE.  SILTSTONE. 

AND  COAL. 

1.0  FT-4.0  FT:  SANDSTONE. 

INTENSELY  HEATHERED.  CLAYEY.  LIMY.  VERY  FIRM. 
FRIABLE.  LIOHT  ORAY . 

4.0  FT-12.5  FT:  SHALE. 

HEATHERED.  CLAYEY  TO  SILTY.  BENTONITIC.  MANY 
IRON  OXIDE  STAINS.  LAMINATED  BROUN  AND  OLIVE 
COLORED . 

12.5  FT-19.7  FT:  SILTSTONE. 

HEATHERED,  CLAYEY  TO  FINE  SANOf  LAMINAE.  LIMY 
18.7  FT-19.7  TT,  FEH  BLACK  CARBONACEOUS  LAM1  • 
NAE,  BADLY  BROKEN  ALONO  JOINTS  AND  BEDDING 
PLANES. 

19.7  FT-22.0  FT:  COAL. 

22.0  FT-23.0  FT:  SANDSTONE. 

VERY  FINE  TO  FINE-GRAINED.  SILTY.  FEH  COAL 
SPECKS  AND  CARBONACEOUS  LAMINAE.  FRIABLE. 
LIGHT  GRAY. 

23.0  FT-69.6  FT:  SHALE. 

MEATHEREO  TO  45.9  FT.  CLAYEY.  CONTAINS  SILT- 
STONE LAMINATIONS  AND  BEDS.  BENTONITIC.  IRON 
OXIDE  STAINS  ALONG  BEDDINO  ANO  JOINT  PLANES. 
SOME  BEOS  SLAKE  ANO  SHELL  UPON  NETTING.  OLIVE. 
LIOHT  BROHN  ANO  LIOHT  GRAY  COLOR  LAMINATIONS. 

26.3  FT-28.8  FT:  SILTSTONE. 

HEATHERED.  SLIOHTLY  CLAYEY.  LIOHT  ORAY. 

35.0  FT-38.6  FT:  SILTSTONE. 

45.9  FT-47.8  FT:  SILTSTONE. 

52.0  FT-53.5  FT:  SILTSTONE. 
55.7  FT-63.7  FT:  SILTSTONE. 

69.6  FT-71.6  FT:  SANDSTONE. 
VERY  FINE  TO  FINE -DRAINED. 

71.6  FT-77.2  FT:  CARBONACEOUS  SILTSTONE. 

71.7  FT-72.B  FT:  COAL.  FREE  HATER. 

73.1  FT-74.7  FT:  SILTSTONE.  AIR  SLAKES. 

77.2  FT-95.2  FT:  COAL. 

93.2  FT-122.9  FT:  SANDSTONE. 

FRESH.  VERY  FINE  TO  F I NE -ORA I  NED .  SILTY. 
SCATTERED  SLIOHTLY  CARBONACEOUS  LAMINAE.  LIOHT 
OLIVE  ORAY. 


117.4  FT-117.5  FT: 
117.3  FT-119.5  FT: 


121.0  FT-122.9  FT; 
CLOSELY  SPACED. 


SHALEY    LAMINAE. 
SCATTERED  SHALEY  LAMINAE. 
CARBONACEOUS  LAMINAE. 


122.9  FT-124.3  FT:    COAL. 

124.3  FT-230.0  FT:   PICTURED  CLIFFS  FORMATION. 
PREDOMINANTLY    FINE    TO   MEDIUM-GRAINED   SAND- 
STONE,   SILTY   ANO  SLIOHTLY   CLAYEY.    HEAKLY 
CEMENTED   AND  FRIABLE.    MASSIVELY   BEOOED.    LIOHT 
ORAY   TO  LIOHT   GREENISH   ORAY. 

124.3  FT-230.0  FT:    SANDSTONE. 

FRESH.    VERY  FINE   TO  FINE-OHA1NED.   HEAKLY 
CEMENTED.   LIOHT  ORAY. 

143.3  FT-I43.S  FT:    CARBONACEOUS  LAMINAE. 
CLOSELY  SPACEO. 

146.8  FT-I4B.3  FT:   CALCITE  VEINLET. 

148.3    FT-148.6   FT:    THIN   SHALEY    LAMINAE. 


COMMENTS: 


EXPLANATIONS: 


P  -  PACKER 


CS  •  CASINO 


CN  •  CEMENT 


FEATURE  .  PJO  ENQINO.  STUDY  SITE AREA  .  .  .  QJp  ENC I  NO  COAL .  F I ELO SHtET.  .  ■  .  .  .  OF.  .  ? .  .  .HOLE  NO  .  .  PM-OE-3 


GEOLOGIC  LOG  OF  HOLE  NO  .PH-oe-3. 


SHEET 


PROJECT.  W* FEATURE .  .QJO  WW  STUDY  SITE AREA .  .  OJO  ENCINOCOAL  FIELD STATE  .  .  *«  *.X.'CO. 

COORDS.    N.    i,7t7.»t?.e E  .  .  .«!•», 89'.? OROUND  ELEV. »»•«  .    ANGLE  FROM  HORIZ *>.0  ,     OOMN. 

BEOUN  .  .*-?•-?•.  .  .  FINISHED.   9-87-79 ...  DEPTH   TO   BEDROCK  .!■.». TOTAL   DEPTH M.PP.  .  BEARING 

DEPTH   TO   HATER.  PP-0      .9-81.-78 LOGGED   BY    .  .  LOUIS  CABRERA REVIEWED   BY.  .  .*-.  L...WITT 


{LASSirieiriw 


NOTES 


FIELD  PERMEABILITY  TEST 
(DC5IONAT10N   E-tB.  EARTH  MANUAL! 


DEPTH 
(FEET1 


"TROT 
IP.  Ct. 
•  r   C»l 


n 


w- 


3     I 

'St 


z£ 


oa. 


ERYALS 


II 


§B 


*< 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


6509 . 5 

6506. H 
6S0M.9 

6903.0 
6901.6 


unc 


6480 . 6 
6H79.4 


6HHI.9 


194.0  FT-171.0  FT:  SCATTERED  CARBONACEOUS 
LAMINAE. 

I8H.0  FT-190.0  FT:  SCATTERED  CARBONACEOUS 
LAMINAE. 

206.6  FT-807.W  FT:  SCATTERED  CARBONACEOUS 
LAMINAE. 

819.5  FT-883.0  FT:    SHALE. 

CLAYEY,    SILTY.   TEH  CARBONACEOUS  SPECKS. 
SLICKENSIOEO.   DARK  OLIVE  GRAY. 

883.0  FT-831.0  FT:   S1LTSTONE. 

SANOY  TO  SHALEY.  SCATTERED  CARBONACEOUS 
LAMINAE.  L10HT  TO  DARK  ORAY. 

8M8.0  FT-8H3.H  FT:   CARBONACEOUS  LAMINAE. 
CLOSELY  SPACED. 

»t.O  FT-8H4.8  FT:   CARBONACEOUS  LAMINAE. 
CLOSELY   JOINTEO. 


COMMENTS: 


EXPLANATIONS: 


CS  •  CASINO 


CN  •  CEMENT 


FEATURE.  .  .PJO.ENQI.NP.  STUDY  SITE AREA  ...  .WP  WW  COAL . F ltj.0. SHEET.  .?.  .  .  OF.  .?.  .  .HOLE  NO.  .  P»t9E-.3. 


GEOLOGIC    LOG 

OF 

HOLE    NO 

DH-OE-3                               sheet      3           or      3 

PROJECT    t-MRIA                                               FEATURE     °J°  ENCINO  STUOY   SITE                  AREA       °J°  ENCINO  COAL   MELD                                         STATE        NEM  MEXICO 

COORDS.    N      1 .787.999.6 £  .  .  »»P. •?'.-.• GROUND  ELEV. 6625 

■•.    ANOLE    FROM   HOR1Z          "0.0        DOWN 

BEOUN      8-28-78        FINISHED    9-??"70 DEPTH   TO  BEDROCK  .UP TOTAL    DEPTH 250 

■0      BEAR1NO  

DEPTH    TO   HATER      6°  °       9-21 -78                      LOGGED   BY         LOUIS  CABRERA                                          REV  IEWED   BY.  .  .H\  L.   MITT 

NOTES 

MELD   PERMEABILITY    TEST 
(DESIGNATION     E-1B.    EARTH   MANUAL) 

1 

a. 

UJO 

3 
«- 

fa 

CL*55iriCATI6H 

INTERVALS 

h 

CLASSIFICATION  AND 
PHYSICAL   CONDITION 

DEPTH 
ITEET1 

Eg 

5| 

i 

o 

V 

re 

p 

8      1 

—  —            1 

§tf     j 

,ffft. 
•  r    C«l 

TO 

100 

: 

100 

-  210  - 

-  220  - 

64193 

100 

6406.4 

100 

-  230  - 

64  02.9 

6394.9 

100 

-  »0  - 

97 

:          - 

6383.9 
6382.5 
6381.7 

6375.9 

-  260  - 

-  270  - 

-  280  - 

-  290  - 

COMMENTS: 

EXPLANATIONS: 

P  •  PACXER                        CS  •  CASINO                     CM  •  CEMENT 

1 

FEATURE.  .   OX  EN?  I  NO.  STUDY  .1.1  TE. 


AREA  ...  .PJQ  ENC|NQ  COAL   FIELD SHEET.  .  ?  .  .  .  Of.  .  I .  .    HOLE  NO.  .  P>MK-S 


GEOLOGIC    LOG    OF    HOLE    NO    OM-PC-H. 


SHEET.  .)....  Of 


PROJECT.  EMRU 

COORDS.  N   |, 787,544 .7 

.  .  .  .  .E 

.   FEATURE.  OJO. 

643. 119. 6 

ENCINO 

STUDY 

SITE 

AREA   OJO  ENCINO  COAL  FIELD                 STATE   *EM  MEXICO 
GROUND  ELEV. .OBI*-.1'   ANOLE  FROM  HOR1Z    .90,0    DOWN 

BEOUN   9"?9-78  .  FINISHED.  .I.".-.'.':??  .  DEPTH  TO  BEDROCK  !  0  ? TOTAL  DEPTH 25.0 

■0   BEARING  

DEPTH  TO  HATER   ".9  .  ,  1.0-6,-78         LOGGED  BY    LOUIS  CABRERA                 REVIEWED  BY...H\.L/  H1TT 

NOTES 

FIELD  PERMEABILITY  TEST 
(DESIONATION   E-1B.  EARTH  MANUAL  1 

ov 

X 

it  u 

4 

CLASS 
IN 

irieiTiw 

ERVALS 

!*2 

4J  V) 

5^ 

CLASSIFICATION  AND 
PHYSICAL  CONOITION 

DEPTH 
(FEET) 

II 

§1 

1 

o 

Is 

r- 

*  V  4- 

p 

P 

i 

-TO, 
•  r  Col 

TO 

CONTRACTOR: 

ENTERPRISE  DRILL  1  NO  OF 
TULSA 

DRILL  RIO: 
MAYHEM  500 

DR1LL1NO  HETHODS: 
0.00  FT-2.0  FT:  USED 
3  INCH  THIN-WALL  PUSH 
TUBE. 

2.0  FT-7.5  ET:  DRILLED 
WITH  FISHTAIL  BIT  ANO 
AIR. 

7.5  FT-19.0  ET:  CORED 
WITH  10  ET  NX  SPL1T- 
1UBE  BARREL.  DIAMOND 
BIT  ANO  AIR. 

19.0  FT-250.0  ET: 
CORED  WITH  WATER. 

REAMED  HOLE  TO  4-3/4 
INCH. 

HOLE  COMPLETION: 
GROUTED  1 14  SACKS  OE 
CEMENT  1  HOLE  THROUGH 
RODS  BACK  TO  47.0  FT. 
DRILLED  CUT  TO  60.0  ET. 
HOLE  CWED  AT  55.0  FT. 
SET  30.0  FT  OF  2  INCH 
PERFORATED  PVC.  SHALE 
CATCHER  AT  25.0  ET. 
25.0  FT  OF  2  INCH  PVC 
ON  TOP  GROUTED  IN  PLACE 
WITH  2  SACKS  OE  CEMENT. 

NOTE: 

OVERBURDEN  INCLUDES 
ALL  SURF1C1AL  MATER- 
IALS ANO  BEDROCK  OVER- 
LY1NO  FIRST  COAL  BED. 

-  10  - 

-  20  - 

6613.4 

6594.6 

65B7.4 

6581 .9 
6580 . 7 
6579 . 4 

6574.9 
6572.4 

6567 . B 
6551.0 

6521.1 

0.0  FT-I.O  ET: 

SURFICIAL  MATERIAL. 

0.0  FT-I.O  FT:  SANDY  CLAY. 

APPROXIMATELY  65  PCT  MEDIUM  PLASTICITY  FINES. 
APPROXIMATELY  35  PCT  FINE  DRAINED  SANO.  MEDIUM 
TOUOHNESS.  HIOH  DRY  STRENOTH,  SOFT  TO  VERY 
FIRM.  BROWN.  MODERATE  REACTION  TO  HCL .   CL 

1  .0  FT-195.9  FT: 

FRUITI.AND  FORMATION. 

PREDOMINATELY  SHALE.  SANDSTONE.  SILTSTONE. 

AND  COAL. 

1.0  FT-I9.B  FT:  NOT  CORED  OR  LOOOEO. 

19.8  FT-27.0  FT:  SILTSTONE. 

WEATHERED.  CLAYEY  TO  SANDY.  TEW  SHALEY  LAMINAE 
AND  SLIOHTLY  CARBONACEOUS  LAMINAE.  APPROXIMATE 
45  DEGREE  JOINT  AT  32.5  FT.  TAN  ANO  LIOHT  TO 
DARK  GRAY. 

27.0  FT-32.5  FT:  SANDSTONE. 

WEATHERED.  FINE  TO  MEDIUM  GRAINED.  SILTY  TO 
SLIOHTLY  CLAYEY.  NUMEROUS  SLIOHTLY  CARBONA- 
CEOUS SEAMS.  FEW  NEAR  VERTICAL.  IRON  STAINED 
JOINTS.  LIGHT  TO  DARK  GRAY. 

32.5  FT-33.7  ET:  COAL. 

33.7  FT-46.6  FT:  SHALE. 

CLAYEY.  SILTY.  WITH  A  FEW  THIN  CARBONACEOUS 
LAMINAE.  SOME  BEDS  SLAKE  IN  AIR.  LIOHT  TO 
DARK  GRAY. 

34.1  FT-35.0  FT:  SILTSTONE. 

FINE  SANDY  TO  SLIOHTLY  CLAYEY,  SHALEY 
LAMINAE  34.6  FT-34.7  FT.  OLIVE  GRAY. 

39.5  FT-42.0  ET:  SANOSTONE . 

VERY  FINE  DRAINED.  SILTY,  LIMY.  LIGHT  TO 
DARK  GRAY. 

46.6  FT-63.4  FT:  COAL. 

63.4  FT-194.4  ET:  SANDSTONE. 

VERY  FINE  TO  FINE  GRAINED.  SILTY,  FEW  SCATTER- 
ED CARBONACEOUS  LAMINAE  AND  SPECKS.  LIGHT  ORAY 
TO  LIGHT  OREENISH  ORAY. 

93.3  FT-93.6  FT:  COAL. 

93.6  FT-93.B  ET:  CARBONACEOUS  LAMINAE  IN 
SANDSTONE. 

128.0  FT- 130.0  FT:  CARBONACEOUS  SHALE. 

128.3  FT-128.7  FT:  CARBONACEOUS  LAMINAE. 

129.2  FT-130.0  ET:  CARBONACEOUS  LAMINAE. 

130.0  FT-131.7  FT:  COAL. 

CONTAINS  MANY  SULFUR  STREAKS  ANO  FEW 
SANDY  LAMINAE. 

131.7  ET-135.8  FT:  CARBONACEOUS  SILTSTONE. 
CONTAINS  SANDY  LAMINAE. 

161.7  FT-163.0  FT:  CONTAINS  APPROXIMATELY 
35  PCT  BENTONITIC  SHALE  LAMINAE. 

163.0  FT-165.5  FT:  WIDELY  SCATTERED  CARBONA- 
CEOUS LAMINAE  TO  1  INCH. 

188.2  FT-188.5  FT:  SCATTERED  CARBONACEOUS 
LAMINAE. 

191.0  FT-191.4  FT:  SCATTERED  CARBONACEOUS 
LAMINAE. 

191 .4  ET-191 .8  FT:  LIMY. 

194.4  FT-195.0  ET:  SHALE. 
CLAYEY.  SILTY.  COMPACT.  FISSILE.  DARK  ORAY. 

195.0  FT-195.9  FT:  COAL. 

195.9  FT-250.0  FT: 

PICTURED  CLIFFS  FORMATION. 

PREDOMINATELY  FINE  TO  MEDIUM  DRAINED  SAND- 
STONE, SILTY  ANO  SLIOHTLY  CLAYEY,  WEAKLY 
CEMENTED  AND  TRIABLE,  MASSIVELY  BEDOED.  LIOHT 
ORAY  TO  LIOHT  OREENISH  ORAY. 

195.9  FT-201.9  FT:  SHALE. 
CLAYEY,  SILTY  LAMINAE.  LIOHT  TO  DARK  ORAY. 
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SOI. 9  FT-203.1   FT:   S1LTSTONE. 

CLAYEY    TO  SANDY.    1/9    INCH  CARBONACEOUS  LAMINAE 
AT  203. B  FT. 

205.1   FT-230.0  FT:    SANDSTONE. 

VERY  TINE   TO  FINE  ORAINEO.   S1LTY.   UIOELY 
SCATTERED  CARBONACEOUS  LAMINAE   AND  SPECKS. 
HEAKLY  CEMENTED.    FRIABLE.    LIGHT    OREENISH  ORAY 
TO  OLIVE  COLORED. 
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DEPTH 
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TO 
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CLASSIFICATION  ANO 
PHYSICAL  CONDITION 


CONTRACTOR: 
ENTERPRISE  DRILLING 
OF  TULSA 


DRILL  RIO: 
MAYHEM  500 


DRILLING  METHODS: 


0.0  FT-20.0  FT:  USED 
FISHTAIL  BIT  AND  AIR. 


3<*.0  FT-2M0.0  FT: 
CORED  HITH  HATER. 


HOLE  COMPLETION: 

HOLE  CAVED  OUR1NO 
GEOPHYSICAL  TESTING. 
CLEANED  OUT  HOLE  TO 
823  FT,  GROUTED 
THROUGH  RODS  FROM 
178.5  F*-223.0  FT. 
HOLE  STILL  CAV1NO. 
OFFSET  7  TT  NORTH. 
REDRILLED  0.0  FT- 
179.5  FT  WITH  DRAG  BIT 
AND  AIR,  FLUSHED  HOLE 
WITH  WATER. 

5ET  a  INCH  PVC  TO 
179.5  FT  WITH  2.5  FT 
SriCKUP,  LOWER  16.5  FT 
PERFORATED.  SHALE 
CATCHER  AT  162.0  FT 
HITH  3  FT  OF  BENTONITE 
BALLS.  GROUTED  PIPE  IN 
PLACE. 


NOTE: 

OVERBURDEN  INCLUDES 
ALL  SURFICIAL  MATER- 
IALS ANO  BEDROCK  OVER- 
LYING FIRST  COAL  BED. 


66>*B .  7 
B647 . 2 


661*  I  .  2 
6638 . 7 


6633 . 0 
6631 .5 

6629 . 7 
6628 . 7 
6627 . t 
6626 . 0 
6624 . 2 


66 1  7 . 9 
6616.2 


6609.3 
6607.6 


6603.9 
6601.9 


6595 . I 
6593. H 


6586.7 
6585 . 7 


6576.2 
6575 . 2 


6373. B 
6971.7 


0.0  FT-20.0  FT: 

SURFICIAL  MATERIAL. 


0.0  FT-20.0  FT: 
LOOOED . 


DRILLED  WITHOUT  COR1NO.  NOT 


20.0  FT-27.3  FT: 

K1RTLAND  FORMATION. 

INCLUDES  UPPER  ANO  LOWER  SHALE  MEMBERS.  AND 

THE  FARM1NOTON  SANDSTONE  MIDDLE  MEMBER. 

20.0  FT-21.5  FT:  SANDSTONE. 

INTENSELY  WEATHERED,  F I NE -ORA I NED .  S1LTY. 
BENTON1T1C.  MOIST,  LIOHT  ORAY  ANO  BROWN. 

21.5  FT-27.5  FT:  SHALE. 

WEATHERED.  CLAYEY.  SILTY.  HITH  SILTY  TO 
SL10HTLY  CARBONACEOUS  LAMINAE,  COMPACT,  DARK 
BROWN  TO  ORAY  AND  LIOHT  ORAY  TO  GREENISH  ORAY. 


27.5  FT-190.0  FT: 

FRU1TLANO  FORMATION. 

PREDOMINATELY  SHALE.  SANDSTONE.  SILTSTONE.  AND 

COAL. 

27.5  FT-30.0  FT:  COAL. 

CONTAINS  CARBONACEOUS  LAMINAE. 

30.0  FT-190.0  FT:  SHALE. 

WEATHERED,  CLAYEY.  SILTY,  HITH  SILTY  TO 
SLIGHTLY  CARBONACEOUS  LAMINAE.  COMPACT,  DARK 
BROWN  TO  GRAY  ANO  LIOHT  GRAY  TO  GREENISH  ORAY. 

30.0  FT-33.5  FT:  SOME  LOW  ANOLE  TO  50  DEGREE 
JOINTS,  SLAKES  EASILY. 


33.5  FT-35.7  FT:  SILTSTONE. 

WEATHEREO,  CONTAINS  SANDY  TO  SHALY  LAMINAE. 
TAN.  BROWN,  ANO  LIGHT  TO  DARK  ORAY.  SLICKEN- 
SIDED  JOINTS  AT  33.5  f T  ANO  3H.7  FT. 

37.2  FT-39.0  FT:  SILTSTONE. 

WEATHERED.  FEW  SANDY  AND  SHALY  LAMINAE. 
YELLOWISH  BROWN. 

39.0  FT-tO.O  FT:  SANDSTONE. 
WEATHERED.  VERY  FINE  GRAINED.  SILTY. 
BENTONIC.  TRACED  OF  GYPSUM  ALONO  BEOOING. 
LIOHT  OLIVE  GRAY. 

HO.O  FT-41.3  FT:  SILTSTONE. 

SLIGHTLY  SANDY.  BENTONITIC.  LAM1NATEO. 

m.5  FT-42.7  FT:  SHALE  SLAKES. 

"♦"♦.5  FT:  1/8  INCH  SATIN  SPAR  SEAM. 

H5.>»  FT-H7.8  FT:  SILTSTONE. 

WEATHERED.  CONTAINS  SANDY  AND  CLAYEY 
LAMINAE.  FEW  OYPSUM  LAMINAE.  JOINTED.  LIGHT 
OLIVE  GRAY  AND  TAN. 

"♦7.8  FT-50.B  FT:  BRECCIATEO  SHALE.  FEW 
CARBONACEOUS  LAMINAE. 

52.5  FT-59.H  FT:  SANOSTONE. 

FINE-GRAINED.  SILTY.  SLIGHTLY  CLAYEY.  MANY 
CARBONACEOUS  LAMINAE  FROM  5>».6  FT-57.B  FT, 
COMPACT.  MODERATELY  HARD. 

59. 4  FT-61 . 1  FT:  COAL. 

ASHY  LAMINAE  61.0  FT-61 . I  FT. 

81. 1  FT-6>».8  FT:  SILTSTONE. 

WEATHERED.  SANDY.  FEW  CARBONACEOUS  LAMINAE. 
MANY  CLAYEY  LAMINAE.  BENTONITIC.  COMPACT. 
LIOHT  CRAY  AND  TAN. 


HARD.  ORAY 
SLIGHTLY 


6>4.B   FT-66.8   FT:    SHALE. 

CLAYEY.    BENTONITIC.    SILTY  LAMINAE 

66. B  FT-73.6  FT:  SILTSTONE. 

FINE  SANDY  TO  CLAYEY  LAMINATIONS. 
LIMY.  COMPACT. 


73.1  FT-73.3  FT:  OYPSUM. 
VEINLET,  LEACHED. 

73.6  FT-75.3  FT:    SANDSTONE. 

VERY  FINE-ORA1NED.   BENTONITIC.   Si IOHTLY 
CARBONACEOUS. 

79.3  FT-161.7  FT,  SHALE. 

SILTY.  BENTONITIC,  SANOY  LAMINAE.  TRACES 
OF  OYPSUM.  FEW  COMPACTION  JOINTS,  LIOHT 
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CLASSIFICATION  AND 
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f^~ 


6560.3 

6557.7 
6556.7 
6555 . 3 


6526.9 
652M.2 


6519.7 
6517.9 

6515.3 


6'»78.7 


ORAY  TO  OREENISH  ORAY. 

82.0  TT-83.0  FT:  SANDSTONE. 

VERY  FINE  DRAINED.  SILTY.  LIOHT  TO  DARK 
ORAY. 

92.5  FT-93.5  FT:  CARBONACEOUS  LAMINAE  AND 
SPECKS  IN  SHALE. 

95.5  FT-97.0  FT:  SANDSTONE. 

VERY  FINE-ORAINED.  SILTY,  BENTON1T1C. 
LIOHT  OLIVE  ORAY. 

100.0  FT-108.5  FT:  MANY  RANDOM  COMPACTION 
JOINTS. 

108.5  FT- 1 11.0  FT:  FEU  CARBONACEOUS  LAMI- 
NAE. RANOOM  COMPACTION  JOINTS  108.3  FT- 
110. 0  FT. 

112.0  FT-II3.4  FT:  SILTSTONE. 

LIMY  FROM  112.9  FT-1I3.H  FT.  OLIVE  ORAY 

AND  BROWN 

II3.H  FT-14H.S  FT:    SHALE  SLAKES. 

119.8  FT-124.3  FT:  SILTSTONE. 
CLAYEY  TO  SANDY  LAMINAE. 

130.0  FT-im.B  FT:  FEW  LOW  ANOLE  TO  60 
DEOREE  COMPACTION  JOINTS. 

ltM.5  FT-1M9.0  FT:  SANOSTONE. 

VERY   FINE-ORAINED.    SILTY.   LIOHT  OLIVE   ORAY. 

130.8  FT-153.*  FT:    SATOSTONE. 
SIMILAR   TO    m.5  FT-149.0   FT. 

159.3  FT-159.7  FT:  CARBONACEOUS  LAMINAE  IN  SHA}.! 

159.7  FT-I8I.4  FT:  COAL. 

181 .^  FT-181.7  FT:  CARBONACEOUS. 

181.7  FT-190.0  FT:  NO  CORE. 

190.0  FT-240.0  FT: 

PICTURED  CLIFFS  FORMATION. 

PREDOMINATELY    TINE    TO   MEDIUM-DRAINED   SAND- 
STONE.   SILTY   AND  SLIGHTLY   CLAYEY.    WEAKLY 
CEMENTED   AND  FRIABLE.   MASSIVELY  BEDDED.   LIOHT 
GRAY    TO  LIGHT   OREENISH  GRAY. 

190.0   FT-2H0.0   FT:    SANDSTONE. 
VERY  FINE   GRAINED.    SILTY.   BENTONITIC  LAMINAE. 
HEAKLY  CEMENTEO.   FRIABLE.   LIOHT   GREENISH   TO 
OLIVE   ORAY. 

203.9  FT -204.1  FT:  FEW  CARBONACEOUS  LAMINAE. 

205.6  FT-207.9  FT:  CARBONACEOUS  LAMINAE. 

210.0  FT-212.6  FT:  CARBONACEOUS. 

218.3  FT-229.H  FT:  CARBONACEOUS  LAMINAE. 

232.3  FT-233.2  FT:  CARBONACEOUS  LAMINAE. 
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SECTION  L 
COAL  RESOURCES  APPENDIX 


Coal  Or Is In 


Coal  has  been  defined  as  "a  readily  combustible  rock  containing  more  than  50 
percent  by  weight  and  more  than  70  percent  by  volume  of  carbonaceous  material, 
formed  from  compaction  or  induration  of  variously  altered  plant  remains 
similar  to  those  of  peaty  deposits.   Differences  in  the  kinds  of  plant 
materials  (type) ,  in  degree  of  metamorphism  (rank) ,  and  range  of  impurity 
(grade)  are  characteristics  of  the  varieties  of  coal"  (Schopf,  1966,  p. 
588).   Inherent  in  the  definition  is  the  specification  that  the  coal 
originated  as  a  mixture  of  organic  plant  remains  and  inorganic  mineral  matter 
that  accumulated  in  a  manner  similar  to  that  in  which  modern-day  peat  deposits 
are  formed.   The  peat  underwent  a  long,  complex  process  called 
"coalif ication,"  during  which  diverse  physical  and  chemical  changes  occurred 
as  the  peat  changed  to  coal  and  as  the  coal  assumed  the  characteristics  by 
which  members  of  the  series  are  differentiated  from  each  other.   The  factors 
that  affect  the  composition  of  coals  have  been  summarized  by  Francis  (1961, 
p.  2)  as  follows: 

1)  The  mode  of  accumulation  and  burial  of  the  plant  debris  forming  the 
deposit. 

2)  The  age  of  the  deposits  and  their  geographical  distribution. 

3)  The  structure  of  the  coal-forming  plants,  particularly  details  of 
structure  that  affect  chemical  composition  or  resistance  to  decay. 

4)  The  chemical  composition  of  the  coal-forming  debris  and  its 
resistance  to  decay. 

5)  The  nature  and  intensity  of  the  plant-decaying  agencies. 

6)  The  subsequent  geological  history  of  the  residual  products  of  decay 
of  the  plant  debris  forming  the  deposits. 

These  factors,  are  discussed  in  greater  detail  by  Moore  (1940),  Lowry  (1945), 
Tomkeieff  (1954),  Francis  (1961),  and  Lowry  (1963). 

Coal  Classification 


Coals  are  classified  in  many  ways  (Tomkeieff,  1954,  p.  9;  Moore,  1940,   p. 
113,;  Francis,  1961,  p.  361),  but  the  classification  by  rank,  that  is,  by 
degree  of  metamorphism  in  the  progressive  series  that  begins  with  peat  and 
ends  with  graphocite  (Schopf,  1966),  is  the  most  commonly  used  system. 
Classification  by  types  of  plant  materials  is  commonly  used  as  a  descriptive 
adjunct  to  rank  classification  when  sufficient  megascopic  and  microscopic 
information  is  available,  and  classification  by  type  and  quantity  of  irapurites 
(grade)  is  also  frequently  used  when  utilization  of  the  coal  is  being 
considered.   Other  categorizations  are  possible  and  are  commonly  employed  in 
discussion  of  coal  resources.   Factors  such  as  weight  of  the  coal,  thickness 
and  areal  extent  of  individual  coal  beds,  and  the  thickness  of  overburden  are 
generally  considered. 
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Rank  of  Coal 

The  position  of  a  coal  within  the  raetamorphic  series,  which  begins  with  peat 
and  ends  with  graphocite,  is  dependent  upon  temperature  and  pressure  to  which 
the  coal  has  been  subjected  and  the  duration  of  time  of  subjection.   Because 
it  is,  by  definition,  largely  derived  from  plant  material,  coal  is  mostly 
composed  of  carbon,  hydrogen,  and  oxygen  along  with  smaller  quantities  of 
nitrogen,  sulfur,  and  other  elements.   The  increase  in  rank  of  coal  as  it 
undergoes  progressive  metamorphism  is  indicated  by  changes  in  the  proportions 
of  the  coal  constituents,  e.g.,  the  higher  rank  coals  have  more  carbon  and 
less  hydrogen  than  the  lower  rank  coals. 

Two  standardized  forms  of  coal  analyses — the  proximate  analysis  and  the 
ultimate  analysis — are  generally  used,  though  sometimes  only  the  less 
complicated  and  less  expensive  proximate  analysis  is  made.   The  analyses  are 
described  as  follows  (U.S.  Bureau  of  Mines,  1965,  p.  121-122): 

The  proximate  analysis  of  coal  involves  the  determination  of  four 
constituents:   (1)  water,  called  moisture;  (2)  mineral  impurity, 
called  ash,  left  when  the  coal  is  completely  burned;  (3)  volatile 
matter,  consisting  of  gases  or  vapors  driven  out  when  coal  is  heated 
to  certain  temperatures;  and  (A)  fixed  carbon,  the  solid  or  cokelike 
residue  that  burns  at  higher  temperatures  after  volatile  matter  has 
been  driven  off.   Ultimate  analysis  involves  the  determination  of 
carbon  and  hydrogen  as  found  in  the  gaseous  products  of  combustion, 
the  determination  of  sulfur,  nitrogen,  and  ash  in  the  material  as  a 
whole,  and  the  estimation  of  oxygen  by  difference. 

Most  coals  are  burned  to  produce  heat  energy  so  the  heating  value  of  the  coal 
is  an  important  property.   The  heat  of  combustion  (calorific  value)  is 
commonly  expressed  in  British  thermal  units  (Btu)  per  pound:   one  Btu  is  the 
amount  of  heat  required  to  raise  the  temperature  of  1  pound  of  water  1  degree 
fahrenheit  (in  the  metric  system,  heat  of  combustion  is  expressed  in  kilogram- 
calories  per  kilogram).   Additional  tests  are  sometimes  made,  particularly  to 
determine  the  caking,  coking,  and  other  properties,  such  as  tar  yield,  which 
affect  classification  or  utilization. 

Figure  L-l  compares,  in  histogram  form,  the  heat  of  combustion  and  moisture, 
volatile  matter,  and  fixed  carbon  contents  of  coals  of  different  ranks. 

Various  schemes  for  classifying  coals  by  rank  have  been  proposed  and  used,"  but 
the  most  commonly  employed  is  the  scheme  adopted  by  the  American  Society  for 
Testing  and  Materials  (1977),  which  is  presented  in  table  L-l. 
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FIGURE  L-i-COMPARISON  (ON  MOIST,  MINERAL- MATTER- 
FREE  BASIS)  OF  HEAT  VALUES  AND  PROXIMATE 
ANALYSES  OF  COAL  OF  DIFFERENT  RANKS 

(  Averitt,  1975,  p. 17  ) 
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The  ASTM  classification  system  differentiates  coals  into  classes  and  groups  on 
the  basis  of  mineral-matter-free  fixed  carbon  or  volatile  matter  and  the  heat 
of  combustion,  supplemented  by  determination  of  agglomerating  (caking) 
characteristics.   As  pointed  out  by  the  ASTM  (1977,  p.  216),  a  standard  rank 
determination  cannot  be  made  unless  the  samples  were  obtained  in  accordance 
with  standardized  sampling  procedures  (Snyder,  1950;  Schopf,  1960).   However, 
nonstandard  samples  may  be  used  for  comparative  purposes  through 
determinations  designated  as  "apparent  rank." 

Type  of  Coal 

Classification  of  coals  by  type — that  is,  according  to  the  types  of  plant 
materials  present — takes  many  forms,  such  as  the  "rational  analysis"  of 
Francis  (1961)  or  the  semicommercial  "type"  classification  commonly  used  in 
the  coal  fields  of  the  eastern  United  States  (U.S.  Bureau  of  Mines,  1965,  p. 
123).   However,  most  of  the  type  classifications  are  based  on  the  same,  or 
similar,  gross  distinctions  in  plant  material  as  those  used  by  Tomkeieff 
(1954,  Table  II  and  p.  9),  who  divided  the  coals  into  three  series:   humic 
coals,  humic-sapropelic  coals,  and  sapropelic  coals,  based  upon  the  nature  of 
the  original  plant  materials.   The  humic  coals  are  largely  composed  of  the 
remains  of  the  woody  parts  of  plants  and  the  sapropelic  coals  are  largely 
composed  of  the  more  resistant  waxy,  fatty,  and  resinous  parts  of  plants,  such 
as  cell  walls,  spore-coatings,  pollen,  resin  particles,  and  coals  composed 
mainly  of  algal  material.   Most  coals  fall  into  the  humic  series,  but  some 
coals  are  a  mixture  of  humic  and  sapropelic  elements  and,  therefore,  fall  into 
the  humic-sapropelic  series.   The  sapropelic  series  is  quantitatively 
insignificant  and,  when  found,  is  commonly  regarded  as  an  organic  curiosity. 

Grade  of  Coal 

Classification  of  coal  by  grade,  or  quality,  is  based  largely  on  the  content 
of  ash,  sulfur,  and  other  constituents  that  adversely  affect  utilization. 
Most  detailed  coal  resource  evaluations  of  the  past  do  not  categorize  known 
coal  resources  by  grade;  however  coals  of  the  United  States  have  been 
classified  by  sulfur  content  in  a  gross  way  (DeCarlo  and  others,  1966). 

Weight  of  Coal 

The  weight  of  the  coal  ranges  considerably  with  differences  in  rank  and  ash 
content.   (In  areas  such  as  the  Ojo  Encino  study  area,  where  true  specific 
gravities  of  the  coal  have  not  been  determined,  an  average  specific  gravity 
value  based  on  many  determinations  in  other  areas  is  used  to  express  the 
weight  of  the  coal  for  resource  calculations) .   The  average  weight  of 
subbituminous  coal  is  taken  as  1,770  tons  per  acre-foot  at  a  specific  gravity 
of  1.30. 

Thickness  of  Beds 

Because  of  the  important  relationship  of  coal-bed  thickness  to  utilization 
potential,  most  coal  resource  estimates  prepared  by  the  U.S.  Geological  Survey 
are  tabulated  according  to  three  thickness  categories.   The  thickness 
categories  used  for  subbituminous  coal  are  thin,  2.5  to  5  feet  (0.75  to 
1.5  m) ;  intermediate,  5  to  10  feet  (1.5  to  3  m) ;  and  thick,  more  than  10  feet 
(3  m). 
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Estimation  of  Coal  Resources 

The  resources  in  an  area  are  classed  as  measured,  indicated,  and  inferred 
according  to  the  degree  of  geologic  assurance  of  the  estimate: 

Measured  -  Resources  are  computed  from  thicknesses  revealed  in  outcrops, 

trenches,  mine  workings,  and  drill  holes.   The  points  of  observation  and 
measurement  are  so  closely  spaced  and  the  thickness  and  extent  of  coals 
are  so  well  defined  that  the  tonnage  is  judged  to  be  accurate  within  20 
percent  of  true  tonnage.   Although  the  spacing  of  the  points  of 
observation  necessary  to  demonstrate  continuity  of  the  coal  differs  from 
region  to  region  according  to  the  character  of  the  coal  beds,  the  points 
of  observation  are  no  greater  than  1/2  mile  (0.8  km)  apart.   Measured 
coal  is  projected  to  extend  as  a  1/4  mile  (0.4  km)  wide  belt  from  the 
outcrop  or  points  of  observation  or  measurement. 

Indicated  -  Resources  are  computed  partly  from  specific  measurements  and 

partly  from  projections  of  visible  data  for  a  reasonable  distance  on  the 
basis  of  geologic  evidence.   The  points  of  observation  are  1/2  (0.8  km) 
to  1  1/2  miles  (2.4  km)  apart.   Indicated  coal  is  projected  to  extend  as 
a  1/2  mile  (0.8  km)  wide  belt  that  lies  more  than  1/4  mile  (0.4  km)  from 
the  outcrop  or  points  of  observation  or  measurement. 

Inferred  -  Quantitative  estimates  are  based  largely  on  broad  knowledge  of  the 
geologic  character  of  the  bed  or  region,  because  few  measurements  of  bed 
thickness  are  available.   The  estimates  are  based  primarily  on  an 
assumed  continuation  from  measured  and  indicated  coal  for  which  geologic 
evidence  exists.   The  points  of  observation  are  1  1/2  (2.4  km)  to  6 
miles  (9.6  km)  apart.   Inferred  coal  is  projected  to  extend  as  a  2  1/4- 
mile  (3.6  km)  wide  belt  that  lies  more  than  3/4  mile  (1.2  km)  from  the 
outcrop  or  points  of  observation  or  measurement. 

All  of  the  estimated  resources  in  beds  thicker  than  5  feet  (1.5  m)  and  at 
depths  of  1,000  feet  (305  m)  or  less  fall  into  a  category  called  reserve  base , 
which  is  defined  as  that  portion  of  the  identified  coal  resource  from  which 
reserves  are  calculated.   Reserves  are  that  portion  of  the  identified  coal 
resource  that  can  be  economically  mined  at  the  time  of  determination.   The 
reserve  is  derived  by  applying  a  recovery  factor  to  that  component  of  the 
identified  coal  resource  designated  as  the  reserve  base.   On  a  national  basis 
the  estimated  recovery  factor  for  the  total  reserve  base  is  50  percento   More 
precise  recovery  factors  can  be  computed  by  determining  the  total  coal  in 
place  and  the  total  coal  recoverable  in  any  specific  locale. 
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SECTION  M 
OVERBURDEN  GEOCHEMISTRY  APPENDIX 

Complete  Tabulation  of  Bulk  Chemical  Data  for 
Ojo  Encino  Overburden  Rock  Drill  Core  Samples 

The  first  10  columns  in  table  M-l  (Si02%  through  MnO%)  are  determinations  by 
x-ray  fluorescence  spectrography,  a  precise  technique  good  for  many  such  major 
and  minor  (not  trace)  elements.   "LOI/S"  (11th  column)  means  "loss  on  ignition"; 
this  is  the  water  and  other  volatile  components  driven  off  when  the  sample 
was  fused  into  a  ceramic  disc.   The  remaining  columns  "B  ppm-s"  through 
"Zr  ppm-s"  are  determinations  by  emission  spectrography,  a  less  accurate  and 
precise  but  more  sensitive  method  good  for  many  trace  elements  ("-s"  means 
"spectrographic") .   Where  elements  are  reported  by  both  methods,  the  x-ray 
results  are  generally  to  be  preferred. 

Explanation  of  the  coded  eight-character  sample  identifier: 

First  character — 0  denotes  Ojo  Encino. 

Second  character — 1  means  sample  was  from  hole  1,  3^  means  sample  was  from 
hole  3. 

Third  and  fourth  characters — these  identify  the  position  of  the  sample  in 
the  sequence  of  10-foot  intervals  down  the  hole:   01_  would  denote  the 
sample  nearest  the  surface,  02_   the  next  one  down,  etc. 

Fifth  character — 0_,  denotes  that  sample  is  on  the  usual  10-foot  spacing; 
_1_  denotes  that  sample  is  a  "companion"  sample  to  another  at  the  regular 
10-foot  spacing,  separated  by  a  6-inch  gap. 

Sixth  character — _x  indicates  that  sample  is  split  from  another  sample 
(otherwise  coded  the  same)  and  analyzed  separately  to  test  for  reliability 
of  analytical  methods.   Eight  samples  were  split  in  this  manner. 

Seventh  and  eighth  characters — the  seventh  character  is  the  basic  rock  type 
into  which  the  sample  was  classified,  by  hand-specimen  inspection  and  by 
simple  tests,  as  follows: 

S — sandstone 
T — siltstone 
C — claystone  (shale  and  very  fine-grained  rocks) 
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The  eighth  character  is  a  "modifier"  or  adjective  which  further 
characterizes  the  basic  rock  type,  as  follows: 

A — pure 
S — sandy 
T— silty 
C — clayey 

Example — the  ninth  sample  listed  in  table  M-l ,  01070XSC,  is  from  hole  1,  is 
the  seventh  sample  from  the  top  taken  in  the  sequence  of  10-foot  spacings, 
is  exactly  on  the  10-foot  pattern  (not  a  companion  sample  with  a  6-inch 
gap),  is  an  "analytical  split"  (made  by  dividing,  after  grinding  and  mixing, 
sample  010700SC,  listed  immediately  above  in  the  table),  was  called  a 
"clayey  sandstone"  during  description  and  classification. 
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SECTION  N 

LAND  AND  OVERBURDEN  APPENDIX 

Taxonomic  Classification  of  Soils 

Soils  are  classified  so  that  the  significant  soil  characteristics  can  be 
remembered.   Classification  is  an  assemblage  of  knowledge  about  soils 
and  their  relationships  to  one  another  and  to  the  whole  environment. 
Classification  facilitates  the  development  of  principles  that  help  in 
the  understanding  of  the  behavior  of  soils  and  their  response  to  mani- 
pulation. Through  classification  and  then  through  use  of  soil  maps,  the 
knowledge  of  soils  can  be  applied  to  specific  tracts  of  land. 

The  narrow  categories  of  classification  allow  the  application  of  soil 
knowledge  to  the  management  of  range,  watershed,  woodland,  wildlife, 
mined-land  reclamation,  and  other  engineering  works. 

The  classification  system  has  six  categories.   Beginning  with  the  broadest, 
the  categories  are  order,  suborder,  great  group,  subgroup,  family,  and 
series.   In  this  system  the  criteria  used  as  a  basis  for  classification 
are  soil  properties  that  are  observable  and  measurable.  The  properties 
are  chosen,  however  so  that  soils  of  similar  genesis,  or  mode  of  origin, 
are  grouped.   In  table  N-l  the  major  soil  series  at  the  study  site  are 
placed  in  the  classification  system.   For  further  information  about  the 
system  see  Soil  Taxonomy,  USDA-SCS  Agricultural  Handbook  No.  436,  1975. 
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Table  N-l 
Taxonomy  of  Soil  Series  at  the  Ojo  Encino  Study  Area 


Series        Family 

NOTAL         Fine,  mixed,  mesic 
DOAK  Fine-loamy,  mixed,  mesic 

SHIPROCK      Coarse-loamy,  mixed  mesic 
FRUITLAND     Coarse-loamy,  mixed 

(calcareous)  mesic 
SUEPPARD      Mixed,  mesic 
BLANCOT       Fine-loamy,  mixed,  mesic 
UFFENS        Fine-loamy,  mixed  mesic 
HUERFANO      Clayey,  mixed,  mesic, 

shallow 
BEEBE         Sandy,  mixed  mesic 


Subgroup  Order 

Typic  Camborthids  Aridisols 

Typic  Haplargids  Aridisols 

Typic  Haplargids  Aridisols 

Typic  Torriorthent  Entisols 

Typic  Torrepsamments  Entisols 

Typic  Haplargids  Aridisols 

Typic  Natrargids  Aridisols 

Typic  Natrargids  Aridisols 

Typic  Torrifluvent  Entisols 
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Soil  Inventory 

A  soil  inventory  was  conducted  to  obtain  basic  soil  and  environmental  data. 
This  enables  limited  prediction  of  soil  behavior  and  projection  of  soil  infor- 
mation outside  the  study  area. 

To  facilitate  the  inventory,  eight  soil  mapping  units  were  delineated 
(figure  N-l )  with  assistance  from  the  Soil  Conservation  Service  (SCS)  at  Aztec, 
New  Mexico.   For  the  Energy  Minerals  Rehabilitation  Inventory  and  Analysis 
(EMRIA)  program,  these  soil  mapping  units  within  the  State  of  New  Mexico  are 
numbered  for  ease  in  identification  starting  at  7001  and  running  consecutively 
for  each  new  soil  unit  thereafter.   In  the  first  two  EMRIA  study  areas 
(Bisiti-West  (report  5-197b)  and  Kimbeto  (report  17-77)  in  New  Mexico,  these 
units  were  numbered  from  7001-7015.   For  this  third  EMRIA  report  (Ojo  Encino) 
in  New  Mexico),  some  of  the  same  soil  units  were  found  plus  those  numbered 
to  7022.   These  units  are  not  the  equivalent  of  individual  soil  series  but 
are  soils  grouped  together  to  form  a  unit  consisting  of  similar  or  contrasting 
characteristics.   The  major  soil  series  are:   Doak,  Shiprock.,  Blancot,  Notal, 
Huerfano,  Beebe,  and  Fruitland.   Table  N-l  gives  the  taxonomy  of  these  soil 
series.   Minor  series,  types,  phases,  and  variations  occur  throughout  the  study 
area  but  are  counted  as  inclusions  of  the  major  series. 

The  following  additional  soils  information  is  included  in  the  Detailed  Soil 
Inventory  Tables  subsection  of  section  N:   Soil  Interpretations  Record 
(table  N-lU),  Point  Site  Land  Characterization  (table  N-l 1 ) ,  Determination  of 
Erosion  Condition  Class  (table  N-12),  and  Vegetation-Soil  Description 
(table  N-13). 
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Included  in  these  soil  mapping  units  are  master  sites  (see  figure  H-l).   These 
master  sites  represent  a  profile  of  the  dominant  soil  series  (phase  or 
variation)  of  a  given  unit.   Complete  description,  locations,  and  other  per- 
tinent data  are  given  in  tables  N-8,  N-9,  N-ll,  N-12,  and  N-13  for  all  master 
sites. 
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7016-227*  -  Beebe-Notal  association   (42  acres,  1  percent  of  study  area) 

This  association  consists  of  level  and  nearly  level  soils  on  valley 

floors.  The  Notal  soil  is  in  the. lower  portion  of  the  landscape,  and 

the  Beebe  soil  will  be  slightly  higher  on  the  landscape.   Elevations  are 

6,600  to  6,700  feet.  The  average  annual  precipitation  is  about  9  inches, 

and  the  mean  annual  air  temperature  is  about  50°  F.  The  average  growing 

season  is  about  125  days.   The  Beebe  soil  makes  up  about  45  percent,  and 

the  Notal  soil  makes  up  about  30  percent. 

Included  with  this  association  in  mapping  are  small  areas  of  Turley, 

Azfield,  Fruitland,  Doak,  and  Sheppard  soils.  These  inclusions  make  up 

about  25  percent  of  this  unit. 

The  Beebe  soil  is  deep  and  well  drained.   It  formed  in  recent 

alluvium.   In  a  typical  profile  of  the  Beebe  soil,  the  surface  layer  is 

light  yellowish  brown  silt  loam  about  8  inches  thick.  The  substratum  is 

yellowish  brown  and  pale  brown,  fine  sandy  loam  and  loamy  sand  to  60 

inches  or  more. 

Permeability  is  moderately  rapid.   The  available  water  capacity  is 

moderate.   Exchangeable  sodium  ranges  from  15  to  50  percent.  The  effective 
rooting  depth  is  about  60  inches.  The  average  annual  wetting  depth  of 
the  soil  under  native  vegetation  is  about  20  inches.  Surface  runoff  is 
slow,  and  the  erosion  hazard  is  slight  from  water  and  moderate  from 
wind. 


*   7016  =  Soil  mapping  unit  number;  227  =  SCS  soil  association/complex  number. 
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The  Notal  soil  is  deep  and  well  drained.   It  formed  in  recent 

alluvium.   In  a  typical  profile  of  the  Notal  soil,  the  surface  layer  is 

pale  brown,  sandy  clay  loam  about  7  inches  thick.  The  substratum  is 

brown  heavy  silty  clay  loam  about  26  inches  thick  over  pale  brown  stratified 

loam,  very  fine  loam  and  loamy  very  fine  sand  to  60  inches  or  more. 

Permeability  is  very  slow.   The  available  water  capacity  is  high. 

Exchangeable  sodium  content  ranges  from  15  to  50  percent.   The  effective 

rooting  depth  is  60  inches  or  more.   The  average  wetting  depth  of  the 

soil  under  native  vegetation  is  about  15  inches.  Surface  runoff  is 

slow,  and  erosion  hazard  is  slight. 

The  Beebe  and  Notal  6oils  will  support  a  potential  native  plant 

community  of  alkali  sacaton,  western  wheatgrass,  fourwing  saltbush,  and 

gal leta. 

Under   continuous   year-long  grazing  and   prolonged  heavy  use,    plants 

such  as  alkali    sacaton,  western  wheatgrass,   and  fourwing  saltbush  are 

replaced  by  others   such  as  blue  grama,   galleta,   greasewood,   perennial 

and  annual    forbs. 

Livestock   pipelines   and   fences   are    feasible.      Earthen  structures 

are  not  feasible  due  to  a  high  sodium  content.      Salting  and  livestock 
trails   into  areas  of   relatively  light  utilization  should  be  considered. 
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Flexible  grazing  management  systems  which  allovr  varied  seasons  of 
use  and  deferment  from  year  to  year  are  needed  in  order  to  achieve  a 
balanced  plant  community  and  to  provide  high-quality  forage  throughout 
the  year. 
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7017-228  -  Notal   silt    loam   (191   acres,   4.6  percent  of  study  area) 

This   deep,   well   drained,   nearly   level   soil   formed   in  alluvial 

sediments  on  the   floodplain  at  elevations  of  6,400  to  7,000  feet.     The 

average  annual   precipitation  is  about  9  inches,   and  the  mean  annual   air 

temperature   is  about  50  degrees.      The  average  growing  season  is  about 

125  days. 

Small  areas  of  Beebe ,  Blancot,  Sheppard,  and  Uffens  soils  were 

included  in  mapping. 

In  a  typical  profile  of  the  Notal  soil,  the  surface  layer  is  pale 

brown  sandy  clay  loam  about  7  inches  thick.   The  substratum  is  brown 

heavy  silty  clay  loam  about  26  inches  thick  over  pale  brown  loam,  very 

fine  sandy  loam  and  loamy  very  fine  sand  to  60  inches  or  more. 

Permeability  is  very  slow.   The  available  water  capacity  is  high. 

Exchangeable  sodium  content  ranges  from  15  to  50  percent.  The  effective 

rooting  depth  is  60  inches  or  more.  The  average  annual  wetting  depth  of 

the  soil  under  native  vegetation  is  about  20  inches.  Surface  runoff  is 

slow,  and  the  erosion  hazard  is  moderate  from  water  and  moderate  from 

wind. 

The  Notal  soil  will  support  a  potential  native  plant  community  of 
alkali  sacaton,  bottlebrush  squirreltail ,  fourwing  saltbush,  western 

wheatgrass,  galleta,  and  blue  grama. 
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Under   continuous   year-long   grazing   or   prolonger  heavy   use,    plants 
such  as   alkali    sacaton,  western  wheatgrass,    fourwing  saltbush,   and 
bottlebrush  squirrel  tail   will   decrease   in  abundance;   and  other  plants   such  as 
blue  grama,    shadscale,   galleta,   and  annual    forbs  will    replace  them. 
Greasewood  will    increase   in  abundance  as   the  soil   becomes  gullied. 
Range   improvements    such   as    livestock   pipelines   and    fences    are 

feasible.      Earthen   structures   are   usually   not   feasible  due   to  high 

sodium  content  of  the  soil.      Management  practices   such  as   salting  and 

livestock  trails    into  areas   of   relatively   light  grazing  patterns   should 

be  considered. 

Flexible   grazing  management   systems  which  allow  varied   seasons   of 

use  and  deferment  from  year  to  year  are  needed   in  order  to  achieve  a 
balanced  plant  community  and  to  provide  high-quality  forage  throughout 
the  year. 
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7018-238  -  Doak-Shiprock  association  (404  acres,  9.8  percent  of  study  area) 

This  association  consists  of  level  and  nearly  level  soils  on  the 

uplands.  The  Doak  soil  is  on  lower  mesa  depression  position  areas,  and 

the  Shiprock  soil  is  on  the  more  sloping  areas  and  near  the  breaks. 

Elevations  are  6,400  to  7,000  feet.  Slopes  are  0  to  3  percent.  The 

average  annual  precipitation  is  about  9  inches,  and  the  mean  annual  air 

temperature  is  about  50°  F.  The  average  growing  season  is  about  125 

days.   The  Doak  fine  sandy  loam  makes  up  about  55  percent  of  the  mapping 

unit,  and  the  Shiprock  fine  sandy  loam  makes  up  about  30  percent. 
Included  with  this  association  in  mapping  are  small  areas  of  Fruitland, 

Sheppard,  Farb,  and  Turley  soils.  These  inclusions  make  up  about  20  percent 

of  this  unit. 

The  Doak  soil  is  deep  and  well  drained.   It  formed  in  wind  and 

water-laid  sediments.   In  a  typical  profile  of  the  Doak  soil,  the  surface 

layer  is  light  brown,  fine  sandy  loam  about  3  inches  thick.  The  subsoil 

is  brown  sandy  clay  loam  about  16  inches  thick.  The  substratum  is  light 

bro«n  to  pink  sandy  loam  and  loamy  sand  to  60  inches  or  more. 
Permeability  is  moderately  slow.   The  available  water  capacity  is 

rr.oderate.  The  effective  rooting  depth  is  60  inches  or  more.  The  average 
annual  wetting  depth  of  the  soil  under  native  vegetation  is  about  20  inches. 
Surface  runoff  is  slow,  and  erosion  hazard  is  slight  from  water  and 
moderate  from  wind. 
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The  Shiprock  soil  is  deep  and  well  drained.   It  formed  in  wind  and 
water-laid  sediments.   In  a  typical  profile  of  the  Shiprock  soil,  the 
surface  layer  is  brown  fine  sandy  loam  about  3  inches  thick.  The  subsoil 
is  brown  sandy  loam  about  14  inches  thick.   The  substratum  is  pale  brown 
and  light  gray  sandy  loam  and  loamy  sand  to  60  inches  or  more. 
Permeability  is  moderately  rapid.   The  available  water  capacity  is 

moderate.   The  effective  rooting  depth  is  60  inches  or  more.   The  average 

annual  wetting  depth  of  the  soil  under  native  vegetation  is  about 

20  inches.   Surface  runoff  is  slow,  and  erosion  hazard  is  slight  from 

water  and  moderate  from  wind. 

The  Doak  and  Shiprock  soils  will  support  a  potential  native  plant 

community  which  includes  Indian  ricegrass,  needle-and- thread,  galleta, 

bottlebrush  squirreltai 1 ,  dropseeds,  and  blue  grama. 

Under  continuous  year-long  grazing  or  prolonged  heavy  use,  needle- 

and-thread  and  Indian  ricegrass  decrease.  These  plants  are  then  replaced 
in  importance  by  red  threeawn,  blue  grama,  big  sagebrush  and  forbs. 
Livestock  pipelines  and  fences  are  feasible.   Big  sagebrush  control 

would  benefit  the  rangeland. 

Flexible  grazing  management  systems  which  allow  varied  seasons  of 

use  and  deferment  from  year  to  year  are  needed  in  order  to  achieve  a 
balanced  plant  community  and  to  provide  high-quality  forage  throughout 
the  year. 
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7019-241  -  Fruitland-Doak  complex,  eroded  (1,330  acres,  32.3  percent  of  study  area) 

This  complex  consists  of  gently  sloping  to  moderately  sloping  soils 

on  the  uplands  at  elevations  of  6,400  to  7,000  feet.  The  average 

annual  precipitation  is  about  9  inches,  and  the  mean  annual  air  temperature 

is  about  50°  F.   The  average  growing  season  is  about  125  days.   The 

Fruitland  fine  sandy  loam  makes  up  about  30  percent  of  the  mapping  unit; 

the  Doak  sandy  loam  makes  up  about  25  percent;  and  the  Sheppard  loamy 

sand  makes  up  about  20  percent. 

Included  with  this  complex  in  mapping  are  small  areas  of  Azfield 

and  Shiprock  soils,  and  Rock  outcrop.  These  inclusion's  make  up  about 

25  percent  of  this  unit. 

The  Fruitland  soil  is  deep  and  well  drained.   It  formed  in  mixed 

alluvial  and  eolian  sediments. 

In  a  typical  profile  of  the  Fruitland  soil,  the  surface  layer  is 

dark  brown  fine  sandy  loam  about  5  inches  thick.  The  substratum  is 
brown  and  yellowish  brown  sandy  loam  and  fine  sandy  loam  to  60  inches  or 
more. 

Permeability  is  moderately  rapid.   The  available  water  capacity  is 
moderate.  The  effective  rooting  depth  is  60  inches  or  more.  The  average 
annual  wetting  depth  of  the  soil  under  native  vegetation  is  about  25  inches. 
Surface  runoff  is  slow,  and  the  erosion  hazard  is  moderate  from  water 
and  wind. 
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The  Doak  Soil  is  deep  and  well  drained.   It  formed  in  mixed  alluvial 

eolian  sediments.   In  a  typical  profile  of  the  Doak  soil,  the  surface 

layer  is  light  brown  sandy  loam  about  3  inches  thick.  The  subsoil  is 

brown  sandy  clay  loam  about  16  inches  thick.  The  substratum  is  light 

brc«n  sandy  loam  to  60  inches  or  more. 

Permeability  is  moderately  slow.   The  available  water  capacity  is 

redium.  The  effective  rooting  depth  is  60  inches  or  more.  The  average 

annual  wetting  depth  of  the  soil  under  native  vegetation  is  about  20  inches, 

Surface  runoff  is  slow,  and  the  erosion  hazard  is  slight  from  water  and 

rocerate  from  wind. 

The  Sheppard  soil  is  deep  and  well  drained.   It  formed  in  eolian 

sands.   In  a  typical  profile  of  the  Sheppard  soil,  the  surface  layer  is 
light  grayish  brown  loamy  sand  about  4  inches  thick.  The  substratum  is 
pale  brown  and  light  brownish  gray  loamy  sand  and  loamy  fine  sand  to 
60  inches  or  more. 

Permeability  is  very  rapid.   The  available  water  capacity  is  moderate. 
The  effective  rooting  depth  is  60  inches  or  more.  The  average  annual 
wetting  depth  of  the  soil  under  native  vegetation  is  about  30  inches. 
Surface  runoff  is  slow,  and  the  erosion  hazard  is  slight  from  water  and 
severe  from  wind. 
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The  Fruitland  and  Doak  soils  will  support  a  potential  native  plant 
cor.num'ty  of  needle-and-thread,  New  Mexico  feathergrass,  little  bluestem, 
blue  grama,  dropseeds,  galleta,  and  fourwing  saltbush.  The  Sheppard 
soil  in  this  complex  will  have  little  bluestem,  New  Mexico  feathergrass, 
and  needle-and-thread  as  the  principal  vegetation.     ' 
Under  continuous  year-long  grazing  or  prolonged  heavy  use,  needle- 
and-thread,  New  Mexico  feathergrass,  little  bluestem,  Indian  ricegrass, 
and  fourwing  saltbush  become  less  important  in  the  plant  community  and 
are  slowly  replaced  by  blue  grama,  dropseeds,  galleta,  big  sagebrush, 
and  red  threeawn.   Sandhill  muhly  will  occur  on  the  Sheppard  soils. 
Livestock  pipelines  and  fencing  are  feasible.   Earthen  stock  tanks 

are  feasible  only  after  on-site  soils  investigation.  Disturbances  of 
the  vegetation  should  be  kept  to  a  minimum  due  to  the  erosiveness  of 
these  soils.  Management  practices  such  as  salting  and  stock  trails  into 
areas  with  relatively  light  grazing  distribution  patterns  are  feasible. 
Flexible  grazing  management  systems  which  allow  varied  seasons  of 

use  and  deferment  from  year  to  year  are  needed  in  order  to  achieve  a 
balanced  plant  community  and  to  provide  high-quality  forage  throughout 
the  year. 
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7020-242  -  Blancot-Azfield  complex  (1,426  acres,  34.6  percent  of  study  area) 

This  complex  consists  of  level  to  gently  sloping  soils  on  the 

valley  filling  side  slopes,  at  elevations  of  6,400  to  7,000  feet.  Slopes 

are  0  to  5  percent.   The  average  annual  precipitation  is  about  9  inches, 

and  the  mean  annual  air  temperature  is  about  50°  F.   The  average  growing 

season  is  about  125  days.   The  Blancot  loam  makes  up  about  40  percent  of 

the  mapping  unit,  and  the  Azfield  fine  sandy  loam  makes  up  about  30 

percent. 

Included  with  this  complex  in  mapping  are  areas  of  Huerfano,  Uffens, 

Fruitland,  Sheppard,  Shiprock  and  Doak  soils.  The  inclusions  make  up 

about  30  percent  of  this  unit. 

The  Blancot  soil  is  deep  and  well  drained.   It  formed  in  mixed 

alluvian  and  eclian  sediments.   In  a  typical  profile  on  the  Blancot 
soil,  the  surface  layer  is  light  gray  loam  about  3  inches  thick.  The 
subsoil  is  brown  and  light  grayish  brown  clay  loam  and  sandy  clay 
loam  about  9  inches  thick.  The  substratum  is  brown  and  light  grayish 
brown  sandy  loam  over  loamy  sand  and  very  fine  loamy  sand  to  6" 
inches  thick. 

Permeability  is  moderate.   The  available  water  capacity  is 
moderate.  The  effective  rooting  depth  is  60  inches  or  more.  The  average 
annual  wetting  depth  of  the  soil  under  native  vegetation  is  about  23 
inches.  Surface  runoff  is  slow,  and  the  erosion  hazard  is 
moderate  from  water  and  moderate  from  wind. 
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The  Azfield  soil  is  deep  and  well  drained.   It  formed  in  mixed 
alluvial  and  eolian  sediments.   In. a  typical  profile  of  the  Azfield 
soil,  the  surface  layer  is  light  brownish  gray  fine  sandy  loam  about  4 
inches  thick.   The  substratum  is  brown  sandy  clay  loam  and  light  clay 
lean  about  14  inches  thick  over  pale  brown  fine  sandy  loam  and  loamy 
fine  sand  to  60  inches  or  more.  '        ' 

Permeability  is  moderate.   The  available  water  capacity  is 

roderate.   The  effective  rooting  depth  is  60  inches  or  more.  The  average 

annual  wetting  depth  of  the  soil  under  native  vegetatfon  is  about  25 

inches.  Surface  runoff  is  moderate,  and  the  erosion  hazard  is  moderate 

frcn  water  and  wind. 

The  Blancot  and  Azfield  soils  will  support  a  potential  native 

plant  community  of  galleta,  Indian  ricegrass,  bottlebrush  squirreltail , 

alkali  sacaton,  and  western  wheatgrass.'  Alkali  sacaton  is  only  found  in 

sr.all  areas  which  receive  a  run-in. 

Under   continuous   year-long  grazing  or  extended  heavy  use,   western 

wheatgrass   and   Indian  ricegrass  are  slowly  replaced   in  importance  by 

blue  grama,    big  sagebrush,   and  forbs. 

Range   improvements   such   as   pipelines,    fencing,    and  erosion  control 

structures  are  feasible.  On-site  investigation  for  earthern  stock  tanks 

is  needed  due  to  underlying  sandy  layers  in  these  soils. 

Flexible  grazing  management  systems  which  allow  varied  seasons  of 

use  and  deferment  from  year  to  year  are  needed  in  order  to  achieve  a 

balanced  plant  community  and  to  provide  high-quality  forage  throughout 

the  year. 
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7022-275  -  Uffens-Huerfano  complex  (308  acres,  7.5  percent  of  study  area) 
This  complex  consists  of  level  and  nearly  level  soils  intermingled 

on  the  uplands  at  elevations  of  6,600  to  6V800  feet.   Slopes  are  0  to  3 
percent.   The  average  annual  precipitation  is  about  9  inches,  and  the 
mean  annual  air  temperature  is  about  50°  F.   The  average  growing 
season  is  a  about  125  days.   The  Uffens  silty  clay  loam  makes  up  about 
50  percent  of  the  mapping  unit,  and  the  Huerfano  silty  clay  loam  makes 
up  about  30  percent.  Most  of  the  vegetated  areas  are  areas  which  have  4 
to  12  inches  of  sandy  loam  and  loamy  sand  blown  on  to *them. 
Included  with  this  complex  in  mapping  are  small  areas  of  Notal  and 
Sheppard  soils  and  a  moderately  deep  sodic  soil.  These  inclusions  make 
up  about  20  percent  of  this  unit. 
The  Uffens  soil  is  deep  and  well  drained.   It  formed  in  moderately 

fine  and  fine-textured  alluvial  sediments  derived  from  shale.   In  a 

typical  profile  of  the  Uffens  soil,  the  surface  layer  is  absent.  The 

subsoil  is  light  brownish  gray  to  brown  silty  clay  loam  about  8  inches 

thick.   The  substratum  is  pale  brown  to  grayish  brown  clay  loam  and 

silty  clay  loam  to  60  inches  or  more. 

Permeability  is  moderately  slow.   The  available  water  capacity 

is  high.   Exchangeable  sodium  ranges  from  15  to  80  percent.  The 
effective  rooting  depth  is  60  inches  or  more.  The  average  annual 
wetting  depth  of  the  soil  under  native  vegetation  is  about  20  inches. 
Surface  runoff  is  medium,  and  erosion  hazard  is  slight  from 
water  and  moderate  from  wind. 
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The  Huerfano  soil  is  shallow  and  well  drained.   It  formed  in 

fine-textured  alluvial  sediments  and  shale.  In  a  typical  profile  of  the 

Huerfano  soil,  the  surface  layer  is  grayish  brown  silty  clay  loam  about 

1  inch  thick.   The  subsoil  is  olive  brown  silty  clay  about  7  inches  thick. 

The  substratum  is  olive  brown  and  very  dark  grayish  brown  silty  clay  loam 

about  3  inches  thick.   Shale  is  at  11  inches.   Black  gravel  is  common  on 

this  soil. 

Permeability  is  slow  to  very  slow.   The  available  water  capacity  is 

low.   Exchangeable  sodium  ranges  from  15  to  50  percent.   The  effective 

rooting  depth  is  11  inches.   The  average  annual  wetting  depth  of  the 

soil  under  native  vegetation  is  about  11  inches.   Surface  runoff  is 

medium,  and  the  erosion  hazard  is  moderate  from  water  and  moderate  from 

wind. 

The  Uffens  and  Huerfano  soils  contain  areas  which  are  highly  affected 

by  sodium  and  have  a  2  to  3  percent  ground  cover.  Other  areas  contain  a 
wind-deposited  sandy  layer  4-12"  thick  overlying  the  sodic  soil.  The 
potential  vegetation  for  this  soil  includes  alkali  sacaton,  galleta,  Indian 
ricegrass,  dropseeds,  sbadscale,  and  blue  grama. 
Under  continuous  year-long  grazing  or  extended  heavy  use,  alkali 

sacaton  and  Indian  ricegrass  decrease.  These  plants  are  replaced  by 
shadscale,  blue  grama,  dropseeds,  and  forbs. 
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Fences  are  feasible  on  the  Huerfano  soil  but  not  livestock  pipelines 
or  earthen  stock  tanks  due  to  its  shallow  depth.   All  these  practices 
are  feasible  on  the  Uffens  soil.  Salting  and  stock  trails  into  areas  of 
relative  light  distribution  patterns  should  be  considered. 
Flexible  grazing  management  systems  which  allow  varied  seasons 
of  use  and  deferment  from  year  to  year  are   needed  in  order  to 
achieve  a  balanced  plant  community  and  to  provide  high-quality  forage 
throughout  the  year. 
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7021-278  -  Rock  outcrop,  shale  (318  acres,  7.7  percent  of  study  area) 
This  unit  occurs  as  flat  landscapes  nearly  devoid  of  vegetation. 

It  consists  of  exposures  of  black. shale,  except  for  small  areas  with  4 

to  8  inches  of  wind-deposited  sandy  material  on  the  surface. 
Included  with  this  unit  during  mapping  are  small  areas  of  Farb  and 

Sheppard  soils,  and  Badland. 

This  miscellaneous  area  has  low  potential  for  most  uses  because  of 

lack  of  soil,  severe  erosion  hazard,  and  high  sodium  content 
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7002-279  -  Badlands  (101  acres,  2.5  percent  of  study  area) 
This  is  a  miscellaneous  area  of  steep  to  very  steep,  nonstony  barren 
land,  dissected  by  many  intermittent  drainage  channels  entrenched  in 
soft  shale.   Local  relief  varies  from  25  to  500  feet.   Sediment  and 
pollution  potentials  are  high  due  to  the  high  surface  runoff  and  active 
geological  erosion  taking  place  in  these  areas.   This  miscellaneous  land 
type  occupies  upland  canyons,  valleys,  ridges,  hills  and  breaks. 

Permeability  is  very  slow,  and  AWHC  is  very  low.   This  land  type  has  a 
shallow  root  depth,  is  low  in  natural  fertility  and  O.M.  content,  and 
also  SSF  is  over  81  with  a  critical  erosion  condition  class. 

Native  vegetation  is  sparse  if  any  at  all.   Some  alkali  sacaton,  shadscale, 
or  Russian  thistle  can  be  found  in  isolated  areas. 

Badland  areas  are  unsuitable  as  planting  media  because  of  high  saline 
and/or  sodic  conditions  of  the  geologic  material. 

Huerfano,  Stumble,  Sheppard,  Uffens,  and  Turley  with  various  phases  of 
Turley,  Sheppard  and  Stumble  occur  as  inclusions  in  this  land  type.   They 
make  up  less  than  15  percent  of  this  unit. 
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Results  of  Laboratory  Weathering  Tests  Conducted 
on  Core  Samples  from  O.jo  Encino,  New  Mexico* 


Laboratory  weathering  and  outdoor  exposure*tests  were  conducted  on 
overburden  core  samples  from  the  Ojo  Encino,  New  Mexico,  study  area, 
The  purpose  of  these  tests  was  to  determine  which  materials  would 
break  down  sufficiently  to  allow  for  their  possible  use  as  planting 
media  in  revegetation  of  strip-mined  areas. 

Test  Procedures 

Specimens  for  the  laboratory  weathering  and  outdoor  exposure  tests 
were  cut  from  core  samples  submitted  by  Mr.  Tony  Cappellucci,  LM 
Region,  on  July  6,  1979. 

The  purpose  of  including  outdoor  exposure  tests  was  to  determine  if 
any  correlation  could  be  drawn  between  this  type  of  weathering  and 
the  laboratory  weathering  conditions. 

A  laboratory  weathering  cycle  consisted  of  the  following  conditions: 

1.  8  hours  at  23.9  °C  (75  °F) ,  100  oercent  relative  humidity 
(wetting/thawing) 

2.  16  hours  (64  hours  on  weekends)  at  37.8  °C  (300  °F),  10  percent 
relative  humidity  (drying) 

3.  8  hours  at  23.9  °C  (75  °F),  100  percent  relative  humidity  (wetting) 

4.  16  hours  (64  hours  on  weekends)  at  -17  °C  (0  CF)  (freezing) 


*/  Partial  results  from  Outdoor  Exposure  Tests  are  also  included, 


In  this  study,  core  specimens  about  50  mm  (2  in)  in  diameter  by  SO  mm 
(2  in)  in  length  were  used,  For  testing  and  handling,  the  core  speci- 
mens v/ere  placed  on  a  No.  10  mesh  screen  in  400-ml  plastic  beakers. 

Laboratory  weathering  tests  v/ere  started  on  July  16,  1079,  and  20 
laboratory  weathering  cycles  were  completed  on  September  19,  1979. 
Outdoor  exposure  tests  commenced  on  July  13,  1979,  and  will  continue 
for  one  year. 

Test  Results 

Test  results  are  summarized  in  table  n-2  and  shown  visually  in 

figures  N-2  through  N-5. 

At  the  completion  of  the  laboratory  weathering  tests,  a  percent  break- 
down value" (%BD)  was  determined  for  the  specimens.  This  value  listed 
under  the  remarks  column  in  the  table  was  derived  as  follows: 


%BD  =  (TV/^  IW>    (100) 


where 


TW  =  total  specimen  weight 
IW  =  weight  of  original  specimen 
remaining  intact  after  testing 
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Of  the  eight  samples  tested,  only  one  material  appeared  to  have 
broken  down  sufficiently  to  be  considered  for  possible  use  as  planting 
media.  This  was  sample  OE-4,  a  snale/siltstone  material. 

It  was  noted  that  a  number  of  the  shale  and  siltstone  samples  from 
this  site  exhibited  severe  swelling  characteristics  when  wetted  and 
consequently  would  be  difficult  to  handle  and  place  during  earth  moving 
operations. 

One  sample,  a  sandstone  material  (OE-8),  exhibited  little  or  no  break- 
down at  all . 

With  regard  to  the  outdoor  exposure  tests,  the  samples  exhibited  yery 
little  change  during  the  three  months  of  summer  weathering.  These 
samples  will  be  evaluated  and  photographed  after  one  year  of  exposure 
(July  1980)  and  the  results  furnished  at  that  time  to  code  D-737. 
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Table  N-2 
WEATHERING  TESTS 


Core  Samples  From  Ojo  Encino,  New  Mexico 


Sample  I.D. 


Remarks 


,** 


Sandstone 
DH  OE-4-81 
Depth  (ft)  63.4-77.2 
(OE-1)* 


See  figure  N-2 

Laboratory  weathering:  Specimen 
friable  at  15  cycles.  Some  cracking 
at  20  cycles. 

%BD  =  11 
Outdoor:  No  change  at  3  months. 


Siltstone 
DH  OE-4-16 

Depth  (ft)  201.9-205.1 
(0E-2) 


See  figure  N-2 

Laboratory  weathering:  Slaking  and 
slight  swelling  at  5  cycles.  Continued 
slaking  and  swelling  at  20  cycles. 

%BD  =  39 
Outdoor:  Surface  cracking  and  peeling 
at  3  months. 


Sandstone 
DH  OE-4-18 

Depth  (ft)  220.0-240.0 
(OE-3) 


See  figure  N-3 

Laboratory  weathering:  Some  swelling  and 
cracking  at  5  cycles.  Sample  friable  at 
20  cycles. 
%BD  =  19 
Outdoor:  Very  slight  cracking  at  3  months 


Shale/Siltstone 
DH  OE-5-7 

Depth  (ft)  32.5-51.0 
(OE-4) 


See  figure  N-3 

Laboratory  weathering:  Slaking  and 
swelling  at  5  cycles.  Severe  slaking  and 
swelling  at  20  cycles. 

%BD  =  100 
Outdoor:  Surface  cracking  and  peeling  at 
3  months. 


Siltstone 
DH  0E-5-9 

Depth  (ft)  61.1-81.0 
(OE-5) 


See  figure  N-4 

Laboratory  weathering 
cracking  at  5  cycles, 
slaking  at  15  cycles. 

m>  =  43 

Outdoor:  Slight  surface  cracking  at 
3  months. 


Swell ing  and 
Swelling  and 


*  Laboratory  sample  number    **  Sample  8  from  DH-OE-4  (DH-4);  compare  table  N-8 
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Table  N-2  (con.) 
WEATHERING  TESTS 


Shale  See  figure  N-4 

DH  OE-5-11 

Depth  (ft)  91.0-110.0  Laboratory  weathering:  Severe  swelling 

(OE-6)  at  5  cyles.  Slaking  at  15  cycles 

%BD  =  44 
Outdoor:  Surface  cracking  and  peeling 
at  3  months. 

Shale  See  figure  N-5 

DH  OE-5-14 

Depth  (ft)  130.0-140.0  Laboratory  weathering:  Swelling  and 

(OE-7)  slaking  at  5  cycles.  Severe  swelling  and 

continued  slaking  at  15  cycles. 

%BD  =  50 
Outdoor:  ^Jery   slight  surface  cracking 
at  3  months. 

Sandstone  See  figure  N-5 

DH  OE-5-18 

Depth  (ft)  225.0-240.0  Laboratory  weathering:  No  change  at 

(OE-8)  20  cyles. 

%BD  =  0 
Outdoor:  No  change  at  3  months. 
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CH      12  5  3 

a.  Original  condition  of  test  specimens 


vs*. 


CH      1253 


b.  Condition  of  test  specimens  after  weathering. 

Figure  N-2.  Results  of  weathering  tests  for  sandstone  sample  OE-1 
and  siltstone  sample  OE-2  subjected  to  20  laboratory  weathering 
cycles. 


a.  Original  condition  of  test  specimens. 


1  253 


b.  Condition  of  test  specimens  after  weathering. 

Figure  N-3.   Results  of  weathering  tests  for  sandstone  sample  OE-3 

and  shale/siltstone  sample  OE-4  subjected  to  20  laboratory  weathering 
cycles. 


a.  Original  condition  of  test  specimens 


CH  1253 


b.  Condition  of  test  specimens  after  weathering, 

Figure  N-4.   Results  of  weathering  tests  for  siltstone  sample  OE-5  and 

shale  sample  OE-6  subjected  to  20  laboratory  weathering  cycles. 


\      t 
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a.  Original  condition  of  test  specimens. 


"Blpihiwi*, 


/ 


b.  Condition  of  test  specimens  after  weathering. 


Figure  N-5.   Results  of  weathering  tests  for  shale  sample  OE-7  and 

sandstone  sample  OE-8  subjected  to  ZU    laboratory  weathering  cycles 


Results  of  Outdoor  Exposure  Tests  Conducted  on 
Core  Samples  from  Ojo  Encino,  New  Mexico 


One-year  outdoor  exposure  tests  were  completed  on  overburden  core  samples  from 
the  Ojo  Encino,  New  Mexico,  study  area.  The  testing  period  was  from  July  13, 
1979  through  July  13,  1980.  During  this  period  of  time  the  specimens  were 
subjected  to  about  356  mm  (14  inches)  of  precipitation. 

The  purpose  of  including  outdoor  exposure  tests  was  to  determine  if  any 
correlation  could  be  drawn  between  this  type  of  weathering  and  accelerated 
laboratory  weathering  previously  reported. 

Test  Results 

Test  results  are  summarized  in  table  N-3  and  shown  visually  in  figures  N-6  through  N-9, 

At  the  completion  of  the  outdoor  exposure  tests,  a  percent  breakdown  value 
(%BD)  was  determined  for  the  specimens.  This  value  listed  under  the  remarks 
column  in  the  table  was  derived  as  follows: 

%BD  ■  (T"  -  IM)     (100) 

TW 

where 

TW  =  total  specimen  weight 

IW  =  weight  of  original  specimen 
remaining  intact  after  testing 

In  addition,  the  percent  by  weight  passing  a  No.  10  mesh  screen  was  determined 
for  the  specimens. 

All  eight  specimens  exhibited  various  degrees  of  weathering,  but  none  attained 
the  soil  texture  necessary  as  a  planting  medium  (minimum  of  30  percent  by  weight 
passing  a  No.  10  screen.) 

With  regard  to  the  correlation  between  laboratory  and  outdoor  weathering,  the 
same  type  of  breakdown  of  the  specimens  was  observed  in  both  cases.  However, 
based  upon  the  percent  breakdown  value  (%BD),  the  outdoor  weathering  was  slightly 
more  severe. 
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Table  N-3 

Results  of  1-Year  Outdoor  Weathering  for  Core  Samples 
from  Ojo  Encino,  New  Mexico 


Sample  I.D. 


Remarks 


Sandstone 
DH  OE-4-8 

Depth  (ft)  63.4-77.2 
(OE-1)* 


See  figure  N-6 

Specimen  friable  and  some  swelling 
at  1  year. 
%BD  =  60 


%   Passing  No.  10  screen  =  7 


Siltstone 
DH  OE-4-16 

Depth  (ft)  201.9-205.1 
(OE-2) 


See  figure  N-6 

Considerable  weathering  at  1  year 
%BD  =  100 

%   Passing  No.  10  screen  =  12 


Sandstone 
DH  OE-4-18 

Depth  (ft)  220.0-240.00 
(OE-3) 


See  figure  N-7 

Specimen  very   friable  at  1  year 
%BD  =  100 

%   Passing  No.  10  screen  =  7 


Shale/Siltstone 
DH  OE-5-7 

Depth  (ft)  32.5-51.0 
(0E-4) 


See  figure  N-7 

Slaking  and  swelling  at  1  year 
%BD  =  100 

%  Passing  No.  10  screen  =  4 


Siltstone 
DH  0E-5-9 

Depth  (ft)  61.1-81.0 
(OE-5) 


See  figure  N-8 

Considerable  swelling  and  cracking 
at  1  year 
%BD  =  56 


%  Passing  No.  10  screen  =  5 


*  Laboratory  Sample  Number 
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Table  N-3  (con.) 

Results  of  1-Year  Outdoor  Weathering  for  Core  Samples 
from  Ojo  Encino,  New  Mexico 


Sample  I.D. 


Remarks 


Shale 

DH  OE-5-11 

Depth  (ft)  91.0-110.0 
(0E-6) 


See  figure  N-8 

Slaking  and  some  swelling 
at  1  year. 
%BD  =  67 


%   Passing  No.  10  screen 


Shale 

DH  OE-5-14 

Depth  (ft)  130.0-140.0 
(0E-7) 


See  figure  N-9 

Swelling,  cracking  and  slaking 
at  1  year 
%BD  =  37 


%   Passing  No.  10  screen  =  5 


Sandstone 
DH  OE-5-18 

Depth  (ft)  225.0-240.0 
(OE-8) 


See  figure  N-9 

Some  swelling  and  slight  breakdown 
at  1  year. 
%BD  =  36 


%  Passing  No.  10  screen  =  9 
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a.  Original  condition  of  test  specimens 


OE   IE 


OE   2B 


/ 


238 


b.  Condition  of  test  specimens  after  weathering 

Figure  N-6.   Results  of  weathering  tests  for  sandstone  sample  OE-1  and 

siltstone  sample  OE-2  subjected  to  12  months  of  outdoor  exposure. 


OE 


OE   4B 
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a.  Original  condition  of  test  specimen 


OE   3B 


OE  4E 


b.  Condition  of  test  specimens  after  weathering 
Figure  N-7.   Results  of  weathering  tests  for  sandstone  OE-3  and  shale/ 
siltstone  sample  OE-4  subjected  to  12  months  of  outdoor  exposure. 


OE   5B 


OE   6B 


a.  Original  condition  of  test  specimens 


OE   5B 


OE   6B 
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b.  Condition  of  test  specimens  after  weathering 

Figure  N-8.   Results  of  weathering  tests  for  siltstone  sample  OE-5  and 

shale  sample  Ut-b  suojected  to  12   montns  or  outaoor  exposure. 


OE   7B 


OE   8B 
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a.  Original  condition  of  test  specimens 


OE   7B 


OE   8B 


b.  Condition  of  test  specimens  after  weathering 

Figure  N-9 .   Results  of  weathering  tests  for  shale  sample  OE-7  and 

sandstone  sample  OE-8  subjected  to  12  months  of  outdoor  exposure, 
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INTRODUCTION 

This  report  includes  our  final  evaluation  of  the  greenhouse  and 
laboratory  studies  of  soil  and  geologic  materials  submitted  from  the 
OjoEncino  EMRIA  site. 

Included  in  this  report  are: 

1.  Yield  data  and  observations  from  the  greenhouse  study. 

2.  Laboratory  data  on  selected  soil  and  geologic  material. 

3.  Evaluation  of  the  suitability  of  materials  as  plant  growth  media, 


N-31 


PART  I 
PROCEDURES 

Laboratory  Procedures 

Following  are  the  laboratory  methods  used  to  analyze  the  soil  and 
geologic  material  for  those  properties  selected  as  a  basis  for  determining 
plant  growth  suitability. 

Extractable  Phosphorous 

Determined  on  a  spectrophotometer  from  a  sodium  bicarbonate  extract. 
The  values  are  reported  in  parts  per  million  P  and  are  an  index  of 
available  P. 

Exchangeable  Potassium 

Determined  on  the  atomic  adsorption  spectrophotometer  from  an 
ammonium  acetate  extract.  The  values  are  reported  as  parts  per  million  K. 

Organic  Matter 

Determined  by  wet  oxidation  with  spontaneous  heat  of  reaction. 
The  results  are  determined  colorimetricalLy  and  reported  as  percent 
organic  matter  {%   O.M.). 

Plant  Available  Zinc,  Iron,  Manganese  and  Copper 

Determined  on  the  atomic  adsorption  spectrophotometer  from  an 
extracting  solution  of  diethylenetriamine  pentaacetic  acid  (DTPA).  The 
results  are  reported  in  parts  per  million  of  Zn,  Fe,  Mn,  and  Cu. 
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Salinity  (Electrical   Conductivity) 

Determined  by  a  solu-bridge  from  a  saturation  extract.     The  results 
are   reported   as   electrical   conductivity   in   raillimhos   per   centimeter 
(mmhos/cm) . 

Exchangeable  Sodium  Percentage  (ESP) 

Determined  by  atomic  adsorption  spectrophotometer  and  calculated  by: 

Exchangeable  sodium  meq/100  gm 

ESP  =   x  100 

CEC 

Cation  Exchange  Capacity  (CEC) 
Determined  by: 

Exchangeable  Na  meq/1  x  10 


CEC  meq/lOOg  = 

weight  of  sample  in  grams 

Determined  with  a  combination  electrode  pH  meter  on  a  saturated 
soil  paste. 
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Greenhouse  Procedures 
Soil  and  geologic  material  received  from  the  Water  and  Power  Resources 
Service  lab  had  been  ground  to  approximately  2  mm  size  for  greenhouse  and 
additional  chemical  analyses.  One  kilogram  of  soil  was  used  per  pot  and 
each  pot  was  replicated.  Each  sample  was  placed  in  a  plastic  bag  in  a 
round  container  and  assigned  a  greenhouse  identification  number. 

Fertilizer  Treatment 

Before  planting,  fertilizer  was  applied  at  a  rate  of  150  ppm  nitrogen 
as  reagent  grade  NH.NO^;  80  ppm  of  phosphorus  as  a  combination  of  KFLPO. 
and  CaH«(P04)?  *  H?0  and  80  ppm  potassium  as  KH^PO*.  This  was  done  along 
with  preplant  watering. 

Before  the  fertilizer  was  added,  50-100  g  of  soil  was  removed  from 
each  pot  after  which  the  fertilizer  and  water  was  put  on.  Additional  N 
was  applied  at  50  ppm  rate  21  days  after  seed  emergence. 

Planting 

The  pots  were  planted  with  75  seeds  of  western  wheatgrass  (Agropyron 
smithii  var.  arriba).  The  seeds  were  evenly  distributed  in  the  pots  and 
covered  with  the  soil  that  was  removed  before  fertilization. 

The  pots  were  covered  with  plastic  to  reduce  evaporation  and  were 
checked  daily  to  assure  that  the  soil  remained  moist. 

After  planting,  unseasonably  hot  weather  was  experienced  with 
temperatures  in  the  greenhouse  being  well  over  100°F.  This  seemed  to 
deter  germination  almost  100%.  After  a  20-day  period  with  virtually 
no  germination,  we  replanted,  placing  60  seeds  on  top  of  the  soil  and 
covering  with  vermiculite.  This  new  planting  was  successful. 
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In  this  experiment,  we  did  not  thin  the  plants,  hoping  to  have  an 
average  of  60  plants  per  pot.     After  consulting  other  researchers  involved 
in  similar  work  as  well   as  from  our  own  experience,  we  felt  that  60  plants 
would  not  put  undue  stress  on  the  pot  and  our  yields  would  show  more 
significant  differences.     This  would  also  give  us  more  plant  material    for 
plant  analysis.     An  average  of  58  plants  per  pot  was  calculated  for  the 
complete  experiment. 

Daily  Management 

All   pots  were  weighed  ewery  other  day  and  brought  to  field  capacity 
with  distilled  water.     The  greenhouse  lights  were  set  to  allow  15-16 
hours  of  daylight. 

Pots  were  rotated  on  a  regular  basis  to  allow  for  changes   in  temperature 
and  lighting  within  the  greenhouse.     All   pots  were  randomly  arranged  on 
the  table. 

Seven  days  after  germination,    the  plants  were  infected  with  a  fungus 
and  some  kill-back  occurred.       We  treated  this  for  a  two-week  period  by 
burning  sulfur  at  night.     After  the  two-week  treatment,   the  plants  outgrew 
the  fungus  problem. 

Harvest 

Generally,  we  harvest  at  approximately  48  days  after  planting,  but 
due  to  germination  and  fungus  problems  combined  with  a  week  of  cloudy 
weather,  we  allowed  these  plants  to  go  57  days  before  harvesting. 

The  plants  were  cut  at  about  2  cm  above  the  soil  surface.  Plants  were 
then  placed  in  brown  paper  bags  and  dried  at  60°C  for  48-60  hours  in  a 
forced  air  oven.  After  drying,  the  plants  were  weighed  and  weights  recorded. 
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Criteria  for  Evaluation 
The  chemical  and  physical  properties  used  for  making  suitability 
interpretations  for  the  soil  materials  which  had  complete  laboratory 
data  are  shown  in  Table  N-4. 

Table  N-4.   Suitability  Evaluation  Criteria  1_/ 


Texture  2/ 


Texture  Class 

very  fine  sandy  loan  (vfsl) 
fine  sandy  loam      (fsl) 
sandy  loam  (si) 

loam  (1) 

silt  loam  (sil) 


loamy  fine 

sand 

(lfs) 

loamy  sand 

(Is) 

clay  loam 

(cl) 

sandy  clay 

loam 

(scl) 

silty  clay 

loam 

(sicl) 

sand 

(s) 

clay 

(c) 

sandy  clay 

(sc) 

silty  clay 

(sic) 

£H 


6.0-8.4 

5.0-6.0;  8.4-8.9 
5.0;  8.9 


Rating 

good 
good 
good 
good 
good 

fair 
fair 
fair 
fair 
fair 

poor 
poor 
poor 
poor 


good 
fair 
poor 


1_/  This  criteria  differs  somewhat  from  the  Bureau  of  Reclamation  (Bureau) 
criteria  presented  in  table  H-l ;  therefore,  suitability  ratings  resulting 
from  the  two  sets  of  criteria  may  be  somewhat  inconsistent.   The  Bureau  has 
not  attempted  to  resolve  this  difference  for  this  EMR1A  report.   The  reader 
is,  therefore,  advised  to  remember  the  above  difference  in  criteria  when 
using  the  suitability  ratings  arrived  at  by  the  Bureau  and  by  Colorado  State 
University. 

l_l   Criteria  are  bsed  on  guidelines  developed  by  the  Western  Regional  Soil  Survey 
Work  Planning  Committee:   "Guidelines  for  Evaluating  Soil  and  Overburden 
Characteristics  in  Strip-mine  Reclamation.." 
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Table  N-4.( continued) 


2 

Available  Zinc 

Soil 

Test  - 

ppm  Zn                     Availability  Status 

0-0.5 

potentially  deficient 

>0.5 

adequate 

2 

Available  Iron 

Soil 

Test  - 

ppm  Fe                     Availability  Status 

0-2.0 

potentially  deficient 

>2.0 

adequate 
Available  Copper  and  Manganese? 

Soil 

Test  - 

ppm  Cu  or  Mn                Availability  Status 

0-0.5 

potentially  deficient 

>0.5 

adequate 

2 
Available  Phosphorous 

Soil 

Test  - 

ppm  P             Soil  Phosphorous  Fertility  Status 

0-7 

deficient 

>7 

adequate 

2 

Available  Potassium 

Soil 

Test  - 

ppm  K             Soil  Potassium  Fertility  Status 

0-60 

deficient 

>60 

adequate 

Criteria  are  based  on  current  Colorado  State  University  Soil  Testing 
Laboratory  soil  interpretation  guidelines. 
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Table  N-4. (continued) 


3 
Salinity 

Soil  Test  -  mmhos/cm  Rating 

0-4  acceptable 

4-8  marginal 

>8-12  poor  to  unsuitable 

Sodi  urn 


Exchangeable  Sodium  Percent  Rating 

0-10  acceptable 

10-15  marginal 

>15  non-acceptable 


3 

Based  on  Water  and  Power  Resource  Service  Land  Suitability 

Classification  Salinity  Evaluation. 

4 
From  "Procedures  Recommended  for  Overburden  and  Hydrologic  Study 

of  Surface  Mines"  (Heil,  Deutsch,  et  al ,  1979) 
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PART  II 
PLANT  GROWTH  SUITABILITY  EVALUATION  BASED  ON 
LABORATORY  CHARACTERIZATION 

Soil  Materials 

This  portion  of  the  evaluation  and  characterization  study  was 
performed  in  order  to  identify  chemical  and/or  physical  problems  associated 
with  the  soil  materials  that  influence  plant  growth. 

Following  is  a  plant  growth  suitability  analysis  based  on  the  data 

shown  in  Table  N-5. 

Sample  Number*  Evaluation 

P-67-S-4  Suitable  --   Sodium,  salinity  and  particle  size  data 

P-67-S-2  are  lacking  for  these  samples.  Accepta- 

P-67-S-1  ble  pH  values  suggest  that  sodium  is 

P-71-S-2  not  a  problem  and  high  yields  suggest 

that  no  apparent  problem  exists.  Adequate 
N  and  P  fertility  and  possibly  zinc 
are  the  major  management  considerations 
identified  from  this  study. 

P-73-S-1  Suitable  --   Same  comments  as  above  except  that  zinc 

P-73-S-2  levels  are  adequate  but  P  levels  are 

extremely  low.  P  fertility  management 
would  be  very   essential  on  these 
materials. 

P-12-S-1  Unsuitable  --  Moderate  to  high  sodium,  marginal 

P-69-S-3  salinity  and  poor  texture  indicates 

that  these  materials  should  not  be 
utilized  as  plant  growth  media.  Although 
these  materials  performed  well  in  the 
greenhouse,  the  low  infiltration  potential 
associated  with  the  fine  texture  and 
subsequent  potential  high  runoff  in 
addition  to  the  Na  and  salinity  levels 
renders  these  materials  as  undesirable. 


*  P-67-S-4  ■  Profile  (auger  hole)-67-Sample-4.   Compare  table  N-8. 
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P-29-S-3         Questionable  due  to  marginal  sodium  level.  Texture 

is  favorable  which  no  doubt  accounts 
for  the  high  performance  in  the  green- 
house. With  proper  management  planning 
this  material  could  be  utilized  and  is 
rated  questionable  to  flag  potential 
problems. 

P-63-S-1         Suitable  to  Questionable  due  to  sandy  nature  of  the 

material.  Low  available  water  holding 
capacity  would  be  the  major  restriction. 
Zinc  level  is  very   low. 

P-69-S-1         Suitable  --   Sodium,  salinity  and  particle  size  data 

are  not  available.  High  organic  matter 
level  and  high  yield  indicate  that  this 
material  is  suitable.  pH  is  borderline 
for  indicating  the  presence  of  high  Na. 
Zinc  level  is  marginal. 

P-86-S-2         Suitable  --  Although  sodium,  salinity  and  particle 
P-71-S-1  size  data  are  not  available,  the  pH 

levels  and  yield  suggest  that  no  major 
problems  are  associated  with  these 
materials.  N,  P  and  Zn  fertility  appear 
to  be  the  factors  to  consider  in  the 
management  of  these  materials. 

P-63-S-3         Questionable--Na,  salinity  and  particle  size  data  are 

not  available  for  this  material.  High 
pH  suggests  a  Na  problem.  Further 
evaluation  will  be  required  if  this 
material  is  considered  for  use. 

P-29-S-2         Suitable  to  Questionable  due  to  marginal  sodium  level 

and  fair  performance  in  greenhouse. 
Zinc  and  P  levels  are  low  with  P 
extremely  low.  This  material  could 
be  utilized  if  N,  P  and  Zn  fertility 
were  made  adequate  and  if  used  on  a 
well -drained  site. 

P-69-S-4         Suitable  to  Questionable  -  Questionable  due  to  in- 
sufficient data  and  fair  greenhouse 
performance. 

P-37-S-1         Questionable  due  to  sodium,  salinity  and  poor  texture 

quality.  Yield  performance  fair.  P 
and  Zinc  levels  are  low. 

P-71-S-3         Questionable  due  to  lack  of  adequate  data.  pH  is 

acceptable.  Further  analysis  of  this 
material  is  required. 
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P-37-S-4         Unsuitable  due  to  Na  and  salinity. 

P-69-S-2         Questionable  due  to  insufficient  lab  data  and  fair 

greenhouse  performance. 

P-12-S-2         Unsuitable  due  to  high  Na. 

P-86-S-3         Questionable  due  to  insufficient  lab  data  and  fair 

greenhouse  performance. 

P-67-S-3         Questionable  due  to  insufficient  lab  data.  pH 

level  suggests  a  high  Na  level. 

P-86-S-1         Questionable  due  to  insufficient  lab  data. 

P-8-S-3  Unsuitable  due  to  high  Na.  Salinity  moderately  high. 

P-47-S-2  Questionable  due  to  insufficient  lab  data  and 

relatively  poor  greenhouse  performance. 

P-8-S-2  Questionable  due  to  relatively  poor  greenhouse 

performance.  Particle  size  and  other 
chemical  data,  except  for  fertility, 
suggest  that  this  material  could  be 
considered  but  is  not  as  suitable  as 
other  materials. 

P-8-S-1  Questionable  due  to  low  available  water  holding 

potential.  Material  could  be  droughty 
and  leaching  could  be  excessive. 

P-27-S-2         Unsuitable  due  to  Na  and  salinity. 
P-47-S-1 

P-29-S-1         Questionable  due  to  relatively  poor  greenhouse 

performance.  Particle  size  and  chemical 
characteristic  data,  except  for  very 
low  zinc  and  low  N  status  indicate 
that  this  material  may  have  potential 
as  plant  growth  media.  Fertility  may 
have  been  the  major  limiting  factor 
in  greenhouse  productivity. 

P-69-S-5         Unsuitable  due  to  high  Na. 
P-32-S-1 

P-12-S-3         Questionable  due  to  poor  greenhouse  performance  and 

moderate  Na  level.  Fertility  and  moder- 
ate Na  level  may  have  accounted  for  the 
poor  greenhouse  performance. 

P-32-S-2  Unsuitable  due  to  moderate  to  high  Na  level  and  poor 

textural  quality. 
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P-37-S-3         Unsuitable  due  to  high  Na  and  salinity. 

P-63-S-2  Unsuitable  due  to  high  Na  and  poor  textural  quality, 


A  summary  of  the  suitability  ratings  indicate  the  following  kinds 
of  limitations  exist  in  terms  of  the  potential  use  of  these  materials 
as  a  plant  growth  media. 

1.  Phosphorous  deficiencies  are  common  to  nearly  all  samples. 

Low  organic  matter  levels  suggest  low  N  availability.  Potassium 
levels  generally  are  adequate. 

2.  Micronutrient  deficiencies  are  common  with  deficiencies  in  zinc 
being  the  most  common.  It  is  important  to  point  out  that 

the  criteria  used  for  evaluating  micronutrient  deficiencies 
are  based  on  deficiencies  associated  with  agronomic  crops 
sensitive  to  these  elements.  However,  in  an  associated  research 
study  on  geologic  materials  from  McCallum,  Colorado,  soil 
materials  with  available  zinc  levels  less  than  .29  produced 
deficiency  symptoms  in  western  wheatgrass.  Thus  it  appears 
that  micronutrient  deficiencies,  especially  zinc,  must  be 
considered  in  reclamation  planning. 

3.  Sodium  problems  are  common  to  many  materials.  Salinity  levels 
are  marginal  to  poor  on  a  few  samples.  Both  problems  may 
restrict  plant  growth  and  affect  environmental  quality  if  used 
as  plant  growth  media  in  a  reclamation  effort. 
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Geologic  Material  Suitability  Evaluation 
The  following  factors  severely  restricted  our  ability  to  evaluate 
the  geologic  materials  from  this  site. 

1.  Due  to  the  extremely  high  saturation  levels  of  many  materials, 
neither  the  Water  and  Power  Resources  laboratory  nor  our  laboratory 
were  able  to  obtain  soil  extracts  which  would  provide  meaning- 
ful results.  Apparent  high  dispersion  properties  and  fine 
texture  greatly  restricted  our  ability  to  obtain  soil  extracts. 
Thus,  laboratory  data  are  minimal  for  many  samples. 

2.  In  addition,  due  to  size  of  samples,  a  number  of  materials  were 
composited  to  provide  sufficient  amounts  of  materials  for  the 
greenhouse  study.  Thus,  the  laboratory  and  greenhouse  data 
are  provided  in  two  separate  tables.  Table  N-6  includes  data 
for  geologic  materials  which  were  not  composited  and  Table  N-7 
shows  the  data  for  samples  which  were  composited.  Further, 

Table  N-7  shows  selected  data  for  individual  samples  which  comprise 

a  composite  sample  plus  selected  data  for  the  composite  sample 
as  a  whole.  The  individual  sample  data  were  provided  by  the 
Water  and  Power  Resources  laboratory  in  Denver  while  the  data 
from  the  composite  samples  were  provided  by  the  laboratory  at 
Colorado  State  University. 
Following  is  an  evaluation  of  the  suitability  of  geologic  materials 
based  on  the  data  shown  in  Table  N-6. 
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Bore  Hole 

Sample 

Number 

Number 

DH-1 

DH-1-1 

DH-1- 2 

DH-1- 3 

DH--1-4 

DH-1- 5 

DH-1- 10 

DH-1- 11 

Evaluation 

Suitable  —  Yield  performance,  pH  and  textural 
properties   indicate  that  this 
material   is  suitable. 

Unsuitable—High  pH  values  suggest  a  potential 
Na  problem  and  except  for  material 
DH-1- 11,   the  textural   properties 
are  undesirable.     The  potential   for 
problems  to  exist  is   reflected     in 
the  overall   poor  greenhouse  perform- 
ance of  these  materials.      In  addition, 
these  materials  exhibited  very 
pronounced  shrinking  and  swelling 
properties. 

DH-2  DH-2-1  Questionable,  with  a  caution  about  potential 

water  infiltration  and  permeability 
problems  due  to  high  clay  content. 
High  shrink-swell  was  observed  both 
in  the  greenhouse  and  laboratory. 

DH-2- 13  Unsuitable—Relatively  poor  greenhouse  perform- 

DH-2-14  ance  suggests  that  potential   Na 

DH-2- 16  problems  as  reflected  by  the  pH, 

and  poor  texture  quality  of  materials 
DH-2-14,   renders   these  materials 
unsuitable  for  consideration. 

DH-3  DH-3-18  Suitable  --  based  on  available  data. 

DH-3-21 

DH- 3-17  Unsuitable—Low  greenhouse  performance  and/or 

DH-3- 19  pH  indicate  that  these  materials 

DH-3-23  would  present  major  problems   in 

reclamation. 

DH-4  DH-4-3  Suitable  --  based  on  available  data.     DH-4-13 

DH-4-6  is  \/ery  sandy,   available  water 

DH-4-13  holding   capacity  is   limited. 

DH-4-7  Questionable  — high  pH  suggests   potential   Na 

DH-4-8  problem.  Further  evaluation  would 

DH-4- 15  be  needed  to  determine  suitability. 

DH-4- 18 

DH-5  DH-5-6  Suitable  --  based  on  available  data. 

DH-5-7 

DH-5-9  Questionable— high  pH  suggests  potential   Na 

DH-5- 12  problem.     Further  evaluation  needed. 

In  addition  these  materials  exhibited 
high  shrinking  and  swelling  characteristics 
n-48 


Following  is  an  evaluation  of  materials  which  were  composited  for 
the  greenhouse  study.   (See  Table  N-7).   Immediately,  several  factors 
emerge  which  restrict  our  interpretation  of  these  data.  First,  samples 
were  composited  on  the  basis  of  drill  holes  and  materials  with  widely 
varying  textural  properties  were  combined.  Secondly,  due  to  the  diffi- 
culty in  obtaining  soil  extracts,  as  discussed  earlier,  available  labora- 
tory data  are  minimal. 

As  shown  in  Table  N-7,  yields  obtained  on  composite  samples  DH-2-2 , 
DH-2-6,  DH-2-10,  DH-4-1,  DH-4-4  and  DH-5-16  were  relatively  high.  The  pH 
of  these  materials,  after  compositing,  appear  to  be  acceptable.  It 
would  appear  that  these  materials  are  suited  as  plant  growth  media. 
However,  this  should  not  be  construed  to  mean  that  all  samples  which 
were  composited  are  suitable.  And  since  pH  data  were  not  available, 
there  is  little  basis  for  judging  the  suitability  of  the  individual 
materials.  It  is  our  interpretation  that  materials  with  L,  SL,  SiL, 
CL,  SiCL  and  SCL  textures  that  comprised  the  above  named  composite 
samples  could  be  considered  as  potentially  suitable.  Those  materials 
of  Si C  of  C  texture  should  be  considered  unfavorable  due  to  poor 
textural  quality. 

Yield  on  composite  sample  DH-5-10  was  high.  However,  the  high  pH 
(9.1)  suggests  a  potential  Ha   problem  and  should  be  questioned  per 
its  suitability.  Also,  the  textural  properties  of  the  two  samples  which 
comprised  this  composite  sample  are  undesirable. 

Yields  on  composite  samples  DH-3-9,  DH-3-11  and  DH-3-14  were 
relatively  poor.  The  high  pH  levels  suggest  a  potential  Na  problem 
and  the  yields  reflect  this.  Further  evaluation  of  these  materials  would 
be  required  for  determining  suitability. 
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Yields  on  composite  sample  DH-5-3  were  relatively  low,  however  the 
pH  and  textural  properties  of  the  materials  which  comprised  this 
material  are  desirable.  Our  conclusion  is  that  these  materials  are 
potentially  suited  as  plant  growth  media. 

Regarding  the  suitability  of  geologic  materials  as  plant  growth 
media,  the  following  general  interpretations  are  provided: 

1.  A  large  percentage  of  the  materials  appear  to  contain  large 
amounts  of  swelling  type  clays  which  appeared  to  restrict  plant 
growth  and  inhibit  water  infiltration.  Also,  this  presented 

a  serious  problem  in  the  lab  analysis  program. 

2.  High  pH  values  associated  with  some  materials  may  indicate 

a  serious  sodium  problem.  This  situation  could  seriously  affect 
plant  growth  as  well  as  local  surface  water  quality  within  the 
mined  area  watershed. 

3.  Materials  with  moderately  coarse  -  moderately  fine  textured 
materials,  such  as  sandy  loam  through  clay  loams,  along  with 
the  proper  mix  of  coarse  fragments,  appear  to  offer  the  best 
potential  as  plant  growth  media. 

In  summary,  it  appears  that  the  geologic  materials  offer  some 
potential  for  plant  growth  media.  Extreme  care  should  be  taken  to 
avoid  materials  that  are   characterized  as  having  clayey  textures  and  high 
swel ling  potential . 
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Description  of  and  References  for  Laboratory  Procedures* 


Soil  samples  from  natural  horlrons  and  layers  were  tested  In  the 
laboratory.   Tests  in  the  following  list  were  performed  on  soil  samples 
as  needed  for  proper  evaluation. 

PSA  -  The  procedure  is  a  modification  of  the  pipette  method.   The  soil 
is  not  treated  with  hydrogen  peroxide  for  destruction  of  organic  matter, 
and  is  not  washed  for  removal  of  salts  (Kilmer  and  Alexander,  1949)  . 

Moisture  retention  -  Porous  plates  are  used  for  moisture  retention 
measurement  of  soils  at  all  pressures  (Richards,  1947  and  1949b  and 
Richards  and  Weaver,  1944). 

Disturbed  hydraulic  conductivity  -  Soils  are  tamped  mechanically.   City 
water  is  used  for  the  test.  The  temperature  of  the  water  is  main- 
tained at  about  85  degrees  F.  (Fireman,  1944). 

Settling  volume  -  The  soil  used  for  the  1:5  dilution  measurements  is 
used  for  this  determination.   Distilled  water  and  10  ml  of  30Z  calcium 
chloride  solution  are  used  (U.S.B.R.  Reclamation  Instructions,  1967). 

pH  -  Measured  with  Beckman  Expandomatic  pH  meter. 

Saturation  extract  -  Samples  are  mixed  by  hand  and  extract  removed 
with  a  Baroid  filter  press.  No  preservative  added. 

Calcium  and  Magnesium  -  Determined  by  EDTA  titration. 

Sodium  and  Potassium  -  Determined  with  Baird-Atomic  Model  KY3  flame 
photometer  and  Perkin-Elmer  Model  306  atomic  absorption  spectrophoto- 
meter, 

Carbonate,  bicarbonate,  chloride,  and  sulfate  -  All  are  based  on  U.S. 
Geological  Survey  procedures  (Brown  and  others,  1970). 

The  carbonate  end-point  is  taken  as  pH  8.2. 

Chloride  is  determined  by  the  Mohr  method. 

Sulfate  is  determined  by  the  Thorin  method  using  P>3uach  &  Lomb  spectro- 
photometer Spectronic  20. 

Nitrate  -  Determined  by  phenoldisulfonic  acid  method  and  Bausch  and 
Lomb  spectrophotometer  Spectronic  20  (U.S.  Salinity  Laboratory  Staff, 
1954). 


*  For  the  Bureau  of  Reclamation  Screenable  Testing. 
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Exchangeable  sodium  and  potassium  -  Based  on  soluble  cations  in 
saturation  extract  and  extractable  cations  extracted  with  neutral 
normal  ammonium  acetate  and  measured  with  Baird  Atomic  Model  KY3  flame 
photometer  and  Perkin-Elmer  Model  306  atomic  absorption  spectrophoto- 
meter (U.S.  Salinity  Laboratory  Staff,  1954). 

Same  reference  as  above 

Gyp sup  -  The  high  moisture  percentage  is  a  1:5  dilution  (U.S.  Salinity 
Laboratory  Staff,  T954). 

f.ypsum  requirement  -  Difference  between  Ca  concentration  of  added 
gypsum  solution  and  Ca+Mg  Concentration,  in  filtrate,  as  meq/liter, 
times  2  (U.S. Salinity  Laboratory  Staff,  1954). 

Calcium  carbonate  equivalent  -  Back  titration  with  0.4N  NaOH  to 
neutralize  0.4N  HC1  remaining  after  boiling  period.   Two  drops  of 
phenolphthalien  indicator  are  used  (U.S.  Salinity  Laboratory  Staff, 
1954). 

Organic  carbon  -  The  wet-combustion  method  of  Walkley  is  used,  and 
diphenylamlne  la  the  indicator  (Walkley,  1947). 

Cation  Exchange  Capacity  -  Determined  by  using  1.0N  sodium  acetate 
solution  at  pH  8.2  and  1.0N  ammonium  acetate  at  pit  7.0.   Sodium 
determined  by  Perkin-Elmer  Model  306  atomic  absorption  spectrophoto- 
meter. 
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Lower  Missouri  Region 

Table  N-9 
Mechanical  Analysis  of  Soil 
and  Core  Samples 


Lab 
Nur.ber 

Profile 
Number 

Sample 
Nu~be r 

DeDth  in  Inches 

Percent 

Lab. 
Texture 

Field 
Texture 

Sand  j 

Silt 

Clav 

1 

PI 

SI 

0-30 

80.0 

11.2 

8.8 

LS 

LS 

2 

S2 

30-48 

68.6 

16.6 

14.8 

SL 

SL 

3 

S3 

48-60 

72.0 

11.2 

16.8 

SL 

SL 

4 

S4 

60-96 

72.0 

7.4 

10.6 

LS 

SL 

5 

P2 

SI 

0-36 

70.8 

16.4 

12.8 

SL 

LS 

6 

1    S2 

36-42 

75.6 

8.8 

15.6 

SL 

LS 

1 

r^3 

S\ 

D  -M^ 

3-VC 

iVS 

MS".  3. 

a 

C1L 

8 

S2 

48-85 

80.0 

9.4 

10.6 

SL 

LS 

9 

S3 

84-96 

61.6 

18.8 

19.6 

SL 

SL 

10 

S4 

96-120 

62.6 

18.8 

18.6 

SL 

L 

11 

P4 

SI 

0-12 

84.6 

8.8 

6.6 

LS 

S 

12 

S2 

12-36 

76.2 

7.2 

16.6 

SL 

SL 

13 

S3 

36-78 

71.8 

15.8 

12.4 

SL 

SL 

14 

S4 

78-103 

74.8 

11.8 

13.4 

SL 

LS/SL 

15 

P5 

SI 

0-48 

40.6 

25.0 

34.4 

CL 

CL 

16 

S2 

4S-84 

70.2 

13.2 

16.6 

SL 

SL 

17 

S3 

84-108 

69.6 

8.0 

22.4 

SCL 

LS/SL 

18 

P6 

SI 

0-36 

79.6 

15.6 

4.8 

LS 

FS 

19 

S2 

36-60 

74.6 

14.0 

11.4 

SL 

j  LFS 

20 

S3 

66-96 

61.6 

26.6 

11.8 

SL 

FSL 

21 

S4 

96-120 

67.2 

21.6 

11.2 

SL 

L 

22 

?7 

S1 

0-6 

27.8 

37.2 

35.0 

CL 

CL 

N-61 
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Table  N-9  (con.) 
Mechanical  Analysis  of  Soil 
and  Core  Samples 


Lab 
Nunber 

Profile 
Number 

Sample 
Nunber 

Deoth  in  Inches 

Percent 

i 

Lab. 
Texture 

Field 
Texture 

Sand 

Silt  | 

Clav 

23 

P8 

SI 

0-48 

80.2 

14.8 

5.0 

LS 

LFS 

24 

S2 

48-72 

60.2 

28.8 

11.0 

SL 

FSL 

25 

S3 

72-120 

51.0 

33.8 

15.2 

L 

L 

26 

P9 

SI 

0-48 

32.8 

24.0 

43.2 

C 

CL 

27 

S2 

48-72 

64.8 

24.2 

11.0 

SL 

LFS 

28 

S3 

72-120 

43.8 

45.2 

11.0 

L 

L 

29 

P10 

SI 

0-6 

79.2 

11.8 

9.0 

LS 

LFS 

30 

Pll 

SI 

0-12 

66.8 

22.2 

11.0 

SL 

SL 

31 

S2 

12-30 

35.4 

27.6 

37.0 

CL 

L 

32 

P12 

SI 

0-60 

30.0 

29.0 

41.0 

C 

CL 

33 

S2 

60-72 

34.6 

26.  A 

39.0 

CL 

Weathered 
Shale 

34 

S3 

72-84 

66.6 

13.4 

20.0 

SCL/SL 

Weathered 
Sandstone 

35 

PI  3 

SI 

0-48 

32.4 

9.6 

8.0 

LS 

FS 

36 

S4 

60-66 

34.0 

31.0 

35.0 

CL 

leathered 
Shale 

37 

P14 

SI 

0-48 

54.0 

22.0 

24.0 

SCL 

CL 

38 

S2 

48-72 

79.4 

9.4 

11.2 

SL 

GrS 

39 

S3 

72-108 

38.4 

42.6 

19.0 

L 

S1L 

40 

S4 

108-120 

18.2 

49.6 

32.2 

SiCL 

SiCL 

41 

P16 

SI 

0-60 

55.4 

34.8 

9.8 

SL 

SL 

42 

P17 

SI 

0-48 

49.2 

33.0 

17.8 

L 

L 

43 

S2 

48-72 

57.6 

23.6 

18.8 

SL 

CL 

i    " 

! 

1 

1    S* 

84-96 

62.0 

22.2 

15.8 

SL 

SL 

N-62 
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Table  N-9  (con.) 
Mechanical  Analysis  of  Soil 
and  Core  Samples 


Lab 
Number 

Profile 

Number 

Sample 
Number 

Deoth  in  Inches 

Percent 

Lab. 
Texture 

Field 

Sand  1 

Silt 

Clav 

Texture| 

45 

P18 

SI 

0-24 

45.6 

24.4 

30.0 

SCL 

Weathered 
Shale 

46 

P19 

SI 

0-24 

86.2 

7.8 

6.0 

LS 

SL 

47 

S2 

24-48 

72.6 

12.6 

14.8 

SL 

FS 

48 

P21 

SI 

0-26 

86.2 

10.0 

3.8 

LS 

FS 

49 

P22 

SI 

0-66 

85.2 

10.2 

4.6 

LS 

FS 

50 

1 

S2 

66-84 

63.2 

16.5 

20.3 

SCL 

SL 

51 

S3 

84-120 

54.0 

32.4 

13.6 

SL 

SL 

52 

S4 

120-132 

53.8 

7.6 

38.6 

SC 

Shale 

53 

P23 

SI 

0-36 

33.6 

34.8 

31.6 

CL 

Weathered 
Shale 

54 

P24 

SI 

0-60 

18.2 

29.2 

52.6 

C 

CL 

55 

S2 

60-78 

64.2 

16.2 

19.6 

SL 

SS 

56 

P25 

SI 

0-24 

28.0 

32.2 

39.8 

CL 

CL 

57 

S2 

24-48 

37.0 

33.2 

29.8 

CL 

L 

58 

P26 

SI 

0-24 

34.0 

35.0 

31.0 

CL 

CL 

59 

S2 

24-36 

13.0 

46.0 

42.0 

SiC 

CL 

60 

P28 

SI 

0-12 

43.4 

22.6 

34.0 

CL 

CL 

61 

S2 

12-48 

27.6 

31.8 

40.6 

C 

leathered 
Shale 

62 

P29 

SI 

0-24 

60.8 

21.6 

17.6 

SL 

SL 

63 

S2 

24-84 

73.2 

15.2 

1  11.6 

SL 

LS 

64 

S3 

84-120 

75.0 

9.4 

15.6 

SL 

FS 

65 

P30 

SI 

0-12 

44.8 

27.4 

27.8 

SCL 

CL 

66 

| 
i 

I 

S2 

12-36 

20.0 

31.4 

48.6 

C 

C 

N-63 
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Lower  Missouri  Region 

Table  N-9  (con.) 
Mechanical  Analysis  of  Soil 
and  Core  Samples 


Lab 
Number 

Profile 

Number 

Sample 
Number 

Depth  in  Inches 

1 
Percent 

Lab. 

Texture 

Field 
Texture 

Sand 

Silt 

Clav 

67 

P30 

S4 

48-120 

9.6 

36.8 

53.6 

C 

C 

68 

P31 

SI 

0-12 

58.0 

25.4 

16.6 

SL 

SCL 

69 

S2 

12-60 

75.4 

16.0 

8.6 

SL 

LS 

70 

S3 

60-72 

52.6 

29.8 

17.6 

SL 

SL 

71 

i 

!     S4 

72-120 

64.4 

22.0 

13.6 

SL 

LS 

72 

P32 

SI 

0-12 

61.8 

18.6 

19.6 

SL 

SCL 

~U 

SS. 

\^-")X 

:34>B 

5.£.3 

29.: 

C_ 

74 

P33 

S2 

6-24 

66.2 

14.2 

19.6 

SL 

SL 

75 

S4 

34-72 

60.0 

22.4 

17.6 

SL 

SL 

76 

S5 

72-108 

49.0 

32.4 

18.6 

L 

L 

77 

P34 

SI 

0-24 

82.2 

14.2 

3.6 

LS 

FS 

78 

S2 

24-60 

83.2 

10.2 

6.6 

LS 

LC0S 

79 

S3 

60-120 

54.0 

26.4 

19.6 

SL 

L 

80 

P35 

SI 

0-36 

49.0 

29.0 

22.0 

L 

L 

81 

S2 

36-66 

57.0 

27.4 

15.6 

SL 

SL 

82 

S3 

66-96 

76.2 

12.2 

11.6 

SL 

COS 

83 

S4 

96-120 

20.4 

4A.0 

35.6 

CL 

Clay 
Shale 

84 

P36 

SI 

0-30 

20.6 

63.8 

15.6 

SiL 

CL 

85 

S2 

30-60 

57.0 

27.4 

15.6 

SL 

L/LS 

86 

S3 

60-96 

26.2 

33.0 

40.8 

C 

C 

87 

S4 

96-120 

41.6 

36.8 

21.6 

L 

L 

88 

P37 

SI 

! 

0-24 

27.6 

30.8 

41.6 

C 

CL 

1 

N-64 
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Table  N-9  (con. ) 
Mechanical  Analysis  of  Soil 
and  Core  Samples 


Lab 
Number 

Profile 
Number 

Sample 

Number 

Death  in  Inches 

Percent 

Lab. 
Texture 

Field 
Texture 

Sand  j  Silt  |  Clay 

39 

P37 

S2 

24-60 

51.2 

31.2 

16.6 

SL 

L 

90 

S3 

60-78 

66.0 

20.2 

13.8 

SL 

S/LS 

91 

S4 

78-96 

68.4 

13.0 

18.6 

SL 

FS/SS 

92 

P38 

SI 

0-18 

Po.O 

6.4 

5.6 

S/LS 

FS 

93 

S2 

18-30 

62.8 

12.6 

24.6 

SL       LFS 

94 

S3 

30-72 

76.8 

12.6 

10.6 

SL 

Weathered 
Sandstone 

95 

P39 

SI 

0-12 

72.8 

11.6 

15.6 

LS 

LFS 

96 

S2 

12-24 

75.2 

13.2 

11.6 

SL 

LFS 

97 

S3 

24-36 

73.2 

14.2 

12.6 

SL 

FS 

98 

P41 

SL 

0-12 

59.6 

24.8 

15.6 

SL 

FS 

99 

S2 

12-48 

39.8 

29.6 

30.6 

CL 

CL 

100 

S3 

48-120 

60.4 

26.8 

12.8 

IShale.Coa 
SL     I  mixture 

I 

101 

P43 

SI 

0-36 

18.2 

39.2 

42.6 

c 

CL 

102 

S2 

36-84 

16.0 

33.4 

50.6 

C 

CL 

103 

S4 

96-120 

71.8 

22.6 

5.6 

SL 

~arboneou 
Shale 

s 

104 

P44 

SI 

0-36 

20.6 

29.8 

49.6 

C 

CL 

105 

S2 

36-72 

28.2 

31.2 

40.6 

C 

CL 

106 

S3 

72-96 

53.2 

24.2 

22.6 

SCL 

L 

107 

S4 

96-120 

80.4 

17.0 

2.6 

Carboneou 
LS        Shale 

5 

108 

P45 

SI 

0-36 

36.6 

29.8 

33.6 

CL 

CL 

109 

S2 

36-84 

28.4 

34.0 

37.6 

CL 

CL 

110         P46         SI 

0-48 

24.0 

37.4 

38.6 

CL 

CL 

N-65 
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Table  N-9  (con.) 
Mechanical  Analysis  of  Soil 
and  Core  Samples 


Lab 

Number 

Profile 
Number 

Sample 
Number 

Depth   in   Inches 

Percent 

Lab. 
Texture 

Field 

Sand 

Silt 

Clav 

Texture' 

111 

P46 

S2 

48-72 

58. A 

24.0 

17.6 

SL 

FSL 

112 

S3 

72-84 

70.8 

17.6 

11.6 

SL 

SiL 

113 

S4 

84-108 

50.2 

36.2 

13.6 

L 

LFS 

114 

1 

P47 

SI 

0-36 

66.4 

16.2 

17.4 

SL 

LFS 

115 

1 

S2 

36-84 

61.8 

22.8 

15.4 

SL 

LFS 

116 

S3 

84-108 

72.8 

13.6 

13.6 

LS 

LFS 

117 

S4 

108-120 

21.8 

38.6 

39.6 

CL 

C 

118 

P48 

S2 

6-54 

53.0 

24.4 

22.6 

SCL 

SCL 

119 

S3 

54-102 

34.8 

25.6 

39.6 

CL 

C 

120 

S4 

102-120 

30.6 

38.4 

31.0 

CL 

CL 

121 

P49 

SI 

0-30 

51.6 

18.6 

29.8 

SL 

CL 

122 

S2 

30-54 

75.4 

11.8 

12.8 

SL 

LS 

123 

S3 

54-84 

65.8 

20.0 

14.2 

SL 

SL 

124 

S5 

96-120 

38.8 

26.4 

34.8 

CL 

c 

125 

P50 

SI 

0-60 

63.6 

20.6 

15.8 

SL 

SL 

126 

S2 

60-84 

65.2 

18.0 

16.8 

SL 

LS 

127 

P51 

SL 

0-12 

34.8 

29.6 

35.6 

CL 

C 

128 

S2 

12-72 

20.6 

30.6 

48.8 

C 

Clay   & 
Shale 

129 

P52 

SI 

0-24 

56.4 

22.4 

21.2 

SCL 

SCL 

130 

S2 

24-48 

57.8 

23.4 

18.8 

SL 

SL 

132  ■/" 

S3 

48-72 

£44 

cu 

fb.ft 

cs 

FS 
.  .    .    ..  . i 

131  •-'"--' 
i 

S4 

72-108 

it.fc 

2-fr.D 

Vs.  a 

c 

C 

N-66 
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Table  N-9  (con.) 
Mechanical  Analysis  of  Soil 
and  Core  Samples 


Lab 
Nunvb  er 

Profile 
Number 

Sample 
Number 

Depth  in  Inches 

Percent 

Lab. 
Texture 

Field 
Texture 

Sand 

Silt  | 

Clav 

133 

P53 

S2 

6-48 

55.2 

1 
25.2 

19.6 

SL 

L 

134 

S4 

60-120 

81.2 

6.0 

12.8 

SL 

FS 

135 

P55 

SI 

0-36 

49.6 

21.6 

28.8 

SCL 

CL 

136 

S2 

36-60 

55.0 

25.2 

19.8 

SL 

VFSL 

137 

1     S3 

!       s3 

60-78 

78.8 

10.4 

10.8 

SL 

SL 

138 

S5 

102-120 

62.8 

22.4 

14.8 

SL 

VFSL 

139 

P57 

S2 

36-60 

76.8 

13.4 

9.8 

SL 

LFS 

140 

S3 

60-84 

56.6 

26.6 

16.8 

SL 

SiL 

141 

S4 

84-108 

71.0 

15.6 

13.4 

SL 

FSL 

142 

P58 

SI 

0-24 

70.4 

15.2 

14.4 

SL 

LFS 

143 

?59 

SI 

0-60 

58.0 

19.8 

22.2 

SCL 

SCL 

144 

S2 

60-120 

73.2 

10.6 

16.2 

SL 

LFS 

145 

P60 

SI 

0-48 

44.8 

34.0 

21.2 

L 

CL 

146 

P61 

SI 

0-12 

38.2 

26.6 

35.2 

CL 

SiL 
CL 

147 

S2 

12-24 

j  51.8 

28.0 

20.2 

SCL 

148 

S5 

72-120 

51.2 

25.6 

23.2 

SCL 

SC 

149 

P62 

SI 

0-48 

69.6 

15.4 

15.0 

SL 

SL 

150 

S2 

48-90 

77.6 

12.4 

10.0 

SL 

S 

151 

P63 

S3 

- 

12-48 

85.4 

7.6 

7.0 

LS 

LS 

152 

S4 

48-78 

88.0 

5.2 

6.8 

LS 

S 

153 

P65 

SI 

0-24 

58.4 

16.8 

24.8 

SCL 

CL 

154 

j 

S2 

i 

24-48 

44.2 

25.0 

30.8 

CL 

C 

N-67 
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Table  N-9  (con.) 
Mechanical  Analysis  of  Soil 
and  Core  Samples 


Lab 
Number 

Profile 
Number 

Sample 
Number 

Death  in  Inches 

Percent 

Lab. 

Texture 

Field 
Texture 

Sand 

Silt 

Clav 

155 

P65 

S5 

78-96 

50.8 

38.4 

10.8 

L 

SL 

156 

P66 

SI 

0-12 

3*.  6 

5  2'  (a 

8.8 

SCL 

157 

S2 

12-36 

59.2 

24.0 

16.8 

SL 

SL 

158 

S3 

36-72 

52.8 

24.4 

22.8 

SCL 

L 

159 

S4 

72-120 

68.0 

17.2 

14.8 

SL 

LFS 

160 

P68 

SI 

0-24 

37.6 

25.2 

37.2 

CL 

CL 

161 

P69 

S3 

24-60 

34.8 

17.2 

48.0 

C 

C 

162 

S5 

78-108 

39.8 

40.6 

19.6 

L 

Weathered 
Shale  | 

16J 

P70 

S2 

12-48 

62.2 

22.2 

15.6 

SL 

SL 

16a 

S3 

48-78 

61.2 

21.0 

17.8 

SL 

SCL 

165 

S4 

78-120 

41.0 

38.4 

20.6 

L 

CL 

166 

P72 

SI 

0-30 

85.0 

7.2 

7.8 

LS 

S 

167 

S2 

30-60 

78.8 

9.6 

11.6 

SL 

S 

168 

S3 

60-102 

22.2 

33.2 

44.6 

C 

Weathered 
Shale 

169 

S4 

102-120 

36.8 

37.8 

25.4 

L 

Weathered 
Shale 

170 

P74 

SI 

0-48 

26.8 

34.8 

38.4 

CL 

C 

171 

S2 

48-84 

49.0 

24.4 

26.6 

SCL 

SC 

172 

S3 

84-120 

81.8 

7.6 

10.6 

LS 

S 

173 

P76 

SI 

... 

0-12 

47.2 

30.2 

22.6 

L 

L 

174 

S2 

12-48 

57.8 

25.6 

16.6 

SL 

CL 

175 

S3 

48-60 

61.8 

22.6 

15.6 

SL 

L 

176 

P77 

SI 

1 

0-42 

76.2 

13.2 

10.6 

SL 

LS 
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Table  N-9  (con.) 
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Depth  in  Inches 
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Percent 

Lab. 

Texture 

Field 
Texture 

Sand 

Silt 

Clav 

199 

P85 

S3 

48-84 

46.2 

31.8 

22.0 

L 

CL 

200 

P87 

SI 

0-24 

61.6 

23.8 

14.6 

SL 

SL 

201 

S2 

24-36 

76.8 

18.6 

4.6 

LS 

FS 

202 

P88 

SI 

0-24 

28.2 

35.2 

36.6 

CL 

CL 

203 

S2 

29-60 

38.2 

26.8 

35.0 

CL 

C 

204 

S5 

96-120 

59.8 

21.2 

19.0 

SL 

SL 

292 

P85 

51 

o-  I  S 

68.o 

/6-8 

I5.Z 

SL 

5L 

293 

S2 

IB-42. 

47.0 

22.8 

30.2. 

SC  L 

C 

294 

S3 

42-  58 

5co 

22.8 

2.1.1. 

ScL 

CL 

295 

S4 

58-72. 

55.8 

5o.o 

14.2 

SL 

fsL 

296 

P90 

SI 

O-  12. 

80.  o 

12.8 

7.2 

LS 

Lf  S 

297 

S2 

12-24 

81.4 

6.2 

IZ.4 

LS 

LfS 

29fi 

53 

24-42. 

eo.o 

8-6 

H.t 

SL 

Lf5 

299 

S4 

42-72. 

86.4 

4.4 

9.2 

LS 

fs 

3oo 

P9I 

51 

0-12. 

84.8 

io.t> 

4.6 

LS 

SH 

Zo\ 

P92 

SI 

0-I8 

4b.  8 

3o.8 

22.4- 

L 

CL 

3o2. 

52. 

18-40 

66.4 

23.0 

10.4 

SL 

fsL 

303 

S3 

40-48 

38.0 

30.6 

31.4 

CL 

cL 

3o4 

54 

48-&0 

67.fi 

21.  o 

11.2 

SL 

fsL 

505 

P93 

SI 

o-i8 
MASTf fc  SAMPH 

73.2, 

22.4 

4.4 

SL 

fsL 

i 

N-70 


ROJ.  .:  OJo  BMC/NO 
ATE:    7/W7? 

REGIONAL  SOILS   LABORATORY 
Lower  Missouri  Region 

Table    N-9    (con.) 
Mechanical   Analysis   of  Soil 
and  Core   Samples 

Lab 

Profile 

Number 

Sample 
Number 

Fee  J 

Depth  in   Inehee 

Percent 

Lab. 
Texture 

Field 
Texture 

Number 

Sand 

Silt 

Clay 

235" 

iW05  /A-( 

/ 

0-/o 

67% 

j7o 

/5^A 

St. 

£Q(p 

M-A 

*l 

/3  -  3?.¥ 

ld<2 

/k¥ 

&.Z 

SL 

c^O? 

'A -3 

5 

38.*/-  ¥79 

Z¥ 

¥1$ 

43.$ 

Sit 

slo% 

/A--*4 

V 

&/*(,-  73,8 

23  ¥ 

3L  k 

¥b<o 

C-/CL 

cSo? 

(A-S 

r 

76.?~  /Ot.O 

•$8M 

i¥¥ 

3-70 

■Sc^L- 

a/o 

(A~C 

£> 

//%/-  /<Z2.7 

nt 

a<+ 

iLS 

LS 

c2i| 

/4-7 

7 

f3Si  -   /V5~ 

%.(* 

I3t.b 

/o>8 

SL 

^IX 

/*-* 

/ 

/^<5~-  /&¥./ 

$?.« 

&2 

as.  y 

SC-L- 

a/3 

M--? 

? 

rS^f-1^3^ 

30.  V 

26.  <f 

VSri 

d 

3^ 

f4~/o 

/# 

l£3.s-m>x. 

21,0 

5^.a 

V4<£ 

<L 

c2iS 

/A--// 

/ 

(74.2^260.1 

Ux 

«£££ 

/&^ 

Sl. 

<£(£? 

JW-0E.2-/ 

a 

O-ZL 

it* 

39.  ¥ 

¥3.¥ 

<L 

3/7 

CP'^S 

3 

2-Y 

/¥& 

£2$ 

33  Lr 

S\C±- 

c2/S 

c2-3 

¥ 

v-^ 

&**& 

ys;8 

3i<¥ 

Cu 

1 

<£/<? 

*-* 

r 

&-t> 

3a.y 

37.0 

30,  & 

dL 

£Ul0 

J?-5" 

^ 

4~-r 

¥L0 

3LZ 

^X 

U 

cP^f 

3~£ 

> 

7-/ 

s¥¥ 

32<^ 

53,4 

Cl 

aa^ 

,2-7 

/ 

r-/o 

13 A 

42.  2 

¥¥jt 

SiL 

1 
1 

2W3 

<?-' 

9 

/C-/X 

/Lx, 

4C?«£ 

4-LX 

S/C 

22  y 

a- 9 

/o 

&-t3.5~ 

^SL 

zs:l> 

4?tQt     <^ 

SCi- 

2^5" 

p-/o 

t 

37M-V7.  5 

7M 

ftx 

f.f 

Sl. 

£L2£? 

3~// 

a. 

H7.3-  :T<&,£" 

H3^ 

33.4 

««l  O 

Z_ 



N-71 


)ATE: 


REGIONAL  SOILS  LABORATORY 
Lower  Missouri  Region 

Table  N-9  (con.) 
Mechanical  Analysis  of  Soil 
and  Core  Samples  " 


Lab 

Number 

Profile 
Number 

Sample 

Number 

FE£T 

Depth   in   Inches 

Percent 

Lab. 
Texture 

Field 
Texture 

Sand 

Silt 

Clay 

2-2*7 

i)//  oEJ-tX 

3 

M.?'  W3 

357  ¥ 

ss^ 

5^ 

dL- 

%3-S 

J2-f3 

¥ 

&.V-9t.2. 

5/.  8 

w.a 

c2^D 

u 

Pa? 

£-/*£ 

G~ 

?/.  a  -  99  ,? 

77^ 

/5«c? 

4.8 

LS 

S&o 

2-/s~ 

i- 

/OU-ZOC-.g' 

57.  S 

<?<0.*/ 

a/.* 

SCU 

3^/jL 

7 

/0£.S'-/3S,5' 

10.0 

/7-V 

A?.& 

SL 

.232. 

Mob  3-1 

& 

os. 

7V.V 

/£.* 

/* 

Si- 

553 

3-^ 

? 

a-3 

3£,c2 

<*//.£ 

2J?.$ 

2L 

£3<{ 

75-3 

70 

?-¥ 

7A 

^//.0 

37.  ff 

5;c 

3  3^~ 

3-V 

II 

y-g 

il:b 

4tf.S 

J?£, 

51 CL 

=23  £> 

^sr 

13 

S-C> 

h4 

w.a. 

S3,  V 

s;C 

£37 

3i- 

/3 

6-7 

19  o 

£/«</■ 

/#6 

S<L- 

SL5S 

3~7 

JH- 

7-7,5" 

3£.d» 

5?^ 

^•¥ 

SIL. 

A-37 

3-f 

/S" 

/3L.S--/9.7 

(b.H 

54.0 

a?.^ 

^iCL. 

aw 

3'? 

/£ 

23.6-  SI.  S" 

i*t*  a 

^5. a 

na.b 

5vd. 

SW/ 

3-/0 

/7 

S/.S-40.1 

2JXJ 

57.^ 

^.U> 

1>iU 

SWX 

3-f/ 

/* 

40.1-49,1 

174 

SV-t 

a"7.u 

S^  CL 

2'+5 

3-rx 

/? 

49.9-59,? 

30.% 

3?.£> 

3<2.<b 

dz. 

d.4*± 

3-/3 

££ 

59  9 '-£&. 3 

((?,& 

*/.a. 

va.6 

s;d 

&4S 

3-/y 

/ 

££  3  -  7/.  7 

74.0 

/£  * 

ASA 

S<L 

c^ry: 

r/r 

5 

7=?,  $-77-2. 

(c?.% 

/570 

/67c2 

S*L. 

1 

wr 

JVi- 

3 

9S.SL-/OS.I 

i$<y 

7*.  a 

?.n 

sz. 

an  2 

3-/7 

¥ 

/03./-/SQ.J 

7576 

/7a 

7.  A 

3Y. 

i 

1 

—                         ■  ■  - ,                ,.          i    ,,     ....  ,,                                               .... _.» 

N-72 


ROJi..*:  OJO    BMClMO 


REGIONAL  SOILS  LABORATORY 
Lower  Missouri  Region 

Table  N-9  (con.) 
Mechanical  Analysis  of  Soil 
and  Core  Samples 


ATE: 


Lab 

Profile 

Number 

Sample 
Number 

Depth  in  Feet. 

Percent 

Lab. 

Texture 

Field 
Texture 

Number 

Sand 

silt  1  Clay 

'Av-9 

1MOE  5ig 

<T 

/J*/<3~&/>9 

W.8 

¥3-0 

9.  A 

L 

;2so 

X-f9 

L- 

/$</,  7  -/  70.  ^ 

W? 

S7.4 

6.J2 

SiL 

2Sf 

3-JO 

7 

/7&Z  -/39-0 

&£  A 

?.l* 

P^.a 

SCL. 

2&Z 

5-9.1 

X 

/89.0  -261.0 

;?/.£> 

S7.S 

2/.  2. 

SiL 

£S  3 

3-J& 

9 

961-23lO 

££<? 

l<1.2 

/Zc* 

SL 

Psy 

5-^3 

/o 

A^P  iSlSo 

57-3 

2 Lb 

/^c2 

St. 

9~S5~ 

3-^K 

it 

230-PS6 

S&.«2 

2x4 

cPAV 

ZCL 

2S(* 

Ttiaeu-i 

IX 

o-/ 

js^.a 

2VM 

/fly 

SL 

257 

V-2 

(3 

/-5" 

/7  £ 

^■h 

-22Y 

SiCC 

QS& 

v-a. 

ii 

£~-/o 

J20.0 

S3,  b 

37  V 

CYS.  CL 

as? 

v-# 

16 

/0-/S 

4*^ 

SS-0 

/^ 

L 

P^O 

«■? 

lh 

/5V? 

^7°,^ 

¥/-.¥ 

«**</ 

Cc 

£(cl 

4-0 

11 

JPS-S-33^ 

(£,<* 

f^d 

tf.£ 

$L 

3&0. 

4-7 

fS 

S3.3-V6r(? 

(,y.o 

JloM 

(S't? 

SL 

2L&3 

tf-f 

/<? 

63.  y^  7Z  ^ 

%A 

/4¥ 

?S 

SL 

P£y 

i+-f 

d-d 

77&-93.S 

\?o.o 

/*b 

7.¥ 

LS 

R^ 

-t/-/d 

/ 

93*k-/nM 

7L0 

tS4 

lb 

SL. 

p££ 

4-tf 

2 

tn,4-/<2S 

7clS 

&8 

4<f 

<LS 

I 

atn 

L/-/2. 

3 

/S&y-z&s' 

72.6 

I3.b 

S,+ 

L$ 

1 
1 

^&s 

1/--/3 

4 

fss'-rtSiS 

7U 

141 

(>*(, 

LS 

i 

1 
1 

24? 

¥-w 

5" 

/7d8-  /9& 

biz 

'SI  X 

//  b 

SL 

1 
1 

QIC 

f-/s- 

fo 

/%£9-<2o/.f 

ay- 

4ic 

Sg.6 

S,Ci- 

1 

1 

1 
1 

N-72a 


'ROJt 

)ATE: 


::0J0   EUCtUC 


REGIONAL  SOILS  LABORATORY 
Lower  Missouri  Region 

Table  N-9  (con.) 
Mechanical  Analysis  of  Soil 
and  Core  Samples 


Lab 

Number 

Profile 
Number 

Sample 
Number 

Depth  in   Feet  . 

Percent 

Lab. 
Texture 

Field 
Texture 

Sand 

Silt 

Clav 

an 

Ddi£  </-& 

'  7 

£301.  <?-  ZCSlf 

£2.i 

44£ 

^..f 

CL 

aij. 

*H7 

£ 

-P<>£  /  -cSW£ 

77-  * 

/^fc 

/a.  a 

SC- 

903 

tf-tX 

9 

££o-,9SO 

ff.Z 

^e.^ 

rs.y 

SI. 

3-1H 

TUCES-/ 

/O 

<?-/ 

$8.% 

^.0 

c^O-C^ 

SCL. 

27T 

5~-2- 

/ 

/-5~ 

62,  R 

d?/.^ 

/£.£ 

SL. 

9-% 

£-3 

a 

s^/o 

£7.6 

/ft* 

/^0 

Sl. 

5-77 

^V 

3 

m-ts- 

(£.(, 

^?r.  ^ 

/ff.O 

S<- 

378 

tt 

H- 

f5~-<?-C 

75TO 

fJ.O 

/2.  0 

SL- 

£7? 

&+ 

£0-2  7.5- 

V/.fc 

3^,^ 

p£..£ 

L. 

&$6 

6^7 

h 

3S.S-S7 

/4.fc 

£&.</ 

33.0 

SiCL. 

3$/ 

s-s 

7 

St-  S<?>  <f 

p^:k 

3£Y 

J6,d) 

(U. 

2.22 

S-9 

? 

Mi-ZJ 

J7.6' 

3£f 

3^0 

&L, 

283 

S'-zo 

7 

8t~?/ 

&3L 

V7.3 

4^.£> 

&d/s:a- 

a.8f 

5=-// 

to 

9/-  //o 

n.x 

J?.? 

V5C> 

c 

P&T 

5VZ 

t 

t/o  -7^0 

~>7.2- 

SZ,<f 

3?.* 

dL 

£8C= 

5V5 

A 

720  -730 

7i» 

5£.f 

5"&V 

C 

a%7 

■^T 

3 

73o-/q-o 

5~,A 

¥!.<+ 

s^w 

SiC 

ass 

5V<T 

? 

/% '-/SO 

/7.A 

WY 

¥0,f- 

S\(L 

1 
1 

9Z? 

S"-/g 

s-S" 

ffo-307 

7?.  A 

/a^ 

7.V 

lS 

! 

^?c 

5V? 

^ 

£07-2/8 

to 

^to.£ 

/d.v 

Sl- 

i 

1 
1 

2?/ 

5V; 

7 

£25~-29tO 

7^^ 

/*?.£ 

//.* 

SL 

f 

1 

N-72b 


Detailed  Soil  Inventory  Tables 


N-73 


Table   N-10 
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REV.     JER.     1-7B 

7YPIC     TORRIFLUVENTS. 


S     C     1     L         INTERPRETATIONS        h     '. 


S»NLY.      MIXED.     MESIC 


SOILS  SECTION 
OFFICIAL  FILE 


6EEBE 

6EE=E     SEP1CS 
FLOODED 


THE    BEEBE    SERIES    CONSISTS    Of     OEtP.    WELL    DRA1NEL    TO    EXCESSIVELY    DRAINED    SOIL 
AND    LOW     RIVER     TERRACtS     IN    COARSE    TEXTURLD     ALLUVIUM    CF     MIXED    O0IG1N.     tUVMI 
PRECIPITATION    RANOCS     6     TC     10     INCHES.     AVERAGE    ANNUAL     AIR     TEM.JL  fc  AT  URE     RANu£b 
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II 
____. 


GRASSED 

WATERWAYS 


UNSul  TED-EXCESS    F1NI-S 


POOfc-TOO     SANDY 


_________--_-_____- 


NO    WATER 


common:   floods. cutbanks  cave.fcor  outlets 
ppoticteo:   cutcanks  cave, pock  outlets 


COMMON:  FLOODS. seepage. soil  blowing 
PFCTt.CTEC:  SEEPAGE.  SOIL  BLOW  TNG. DROUGHTY 


soil  blowing 


DKCUCHTY 


B________._1_I_.  SEE  _________ 
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OEEBE  SERIES 

FLOODED 
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CAMP    AREAS 


PICNIC    AREAS 


PROTECTED. SL.L:    SLIGHT 

LS. PROTECTED:     MODERATE-TOO 

COMMON:     SEVERE-FLOODS 


FfCPEATlONAL     OEV£L--P«Et,T 


II  |  PR01LC1ED.SL.L:      SLICt-T 

II  I  LS.PKOT_r.TKD:     MCOf RATE-TOO     SANDY 

I  |PLAYGRUUNDS  |  L  .  SL  .  ICffCH:     MOC  FRATC-  FL  OOOS 

II  j  LS.CCP'I'CN:     MCULPATE-TOC     SANDY.  FLOODS 


protected. sl.l:   slight 
l.sl.commcn:    mooerate-floods 
ls. protected:    moderate-too   sandy 
ls. common:  moderate-floods. too  sandy 


li 
II 
II 
II 


PATHS 

A  NO 
TRAILS 


|  PROTECTED. SL.L:     SLIGHT 

j  LS.PKCTELTKU:     HCDERATF-TOO    SANOY 

j  L  .  JL.CCMMCKT    MCUr.RA  TE-FLOCDS 

I  ls.ccmmcn:  moockatotcc  sandy. floods 


CLASS  - 

determi  ning 
phase 


.__P_,ai_,LIY   ANP  .VlU^Z-Z£B-±£RE^t-LEQEi^tiS^EA21!J£L-^iLl£!±A.Z!i£L-!!b£!&£S.2L!il 

|    PASTURE    |    APPLES     I  PCTATCFS. 
j  |  |     IHISII 


CAPA- 
BILITY 


N1PR 


7E 


J____ 


ALFALFA 
HAY 

_I___J 1 


(JIBB. 


IBBi 


4.5 


CORN 
SILAGE 

.(TPH.Lt. 


_L 


__y__. 


____ 


L__IX. 


NIRB 


_i 


.__. 


O.ASS- 

OETERMINING 

Pft»5E 


«____B_S_U  _■__,____ 


ORD 
SYM 


MANAiEjj£,bI_PEfi3L£M5 J P£I»_Il_i_____£y_;ij__l__ 


EROSION|   EQUIP, 

■  MA.AP-P    I.L-.1I. 


I  SEEDLING 
■l.«-"T'Yl 


-_1. 


Ci.A_s-PETE6._H'6  Pt1___. 

IRA. 


CLASS- 
OETERMINING 

EmSE 


IRfl. 

NIRS. 


_ap.si.Lts_ 

RUSGIAN-U. I VE 


IFR.      IN1PP 


J5        | 


_. 


J________£___E„__b_fce_L_-_. 


;>5t    I 
I 


=  30 


1 1. 


_U.sU.. 


lf>K.     IMRP     IIRK 
75        | 


a  l  noth.  I    pl  ant 

HAZARD     I     -CMPET.I 

I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
J 


:OMHCN    TREES 


|  SITE 

Llfc£_ 


;hfs   to  plant 


__i_Il S££_1_S 

|20|LOMeAROY  POPLAR 
I 
I 
I 
I 
__1 


.lflli. 


_£__1£S l»Il. 


___.-!-_. 


60|ARIZCNA  CYPRESS 

I 
I 
I 


25| AUTU»N-OL IVE 
I 
I 
I 
I 
_l 


-lull 

I   *  0| 

I 

I 

I 
1 

_i_ 


_I_£__E_&>--IH---_I__-_I_- 


PtTENTIil—ECS-Hi£i_AJ-£L£><ENI_ 

GRAIN    C.  J  GRASS     t|      A ILD         |hARD»D     | CONI FER | SHrf udS     | ■£ TL AND | Sr ALLC* | OPcNLD     l-OCCLD     |  tiETL »ND| RANG 


POTENTIAL     AS     HA91TAT     f<)=: 


ELD| 
5_£B ILEGUHE     1     HERB.      I      TRLES     IPLANTS     1 -£_______  -If -__--_____  -______U___-._L-__B__- 


FAIB        |     GOOD        | 

V.     POOR  |  V.     POOR  j 

I  I 

I  I 


FAIR 
POOR 


FAIR 
POOR 


COMMON    PLANT     NAME 


POTENTIAL     NATIVE     PLANT     COMMUNITY     (RANGELAND    CR 
PLANT 
SYMBOL 
J__5__l 


POOR|     fil> 
►=CCR|     PCOf 

I 

I 

I 
________ 


INLAND     SALTGRASS 

-ESTERN    KHE  AT  GRASS 

RUBBER     RABBIT  BRUSH 

FOURS I NG    SALT BUSH 

CLOVER 

ALKALI     SAC  A  TON 

BOTTLEBRUSH    SOUIRRELTAIL 

RED    MUMLT 

SEOCE 

SANO    OROPSEEO 

OTHER    PERENNIAL    FORBS 

OTHER    ANNUAL    FORBS 


DIST 

AGSM 

CHNA2 

ATCA2 

TRIFO 

SPAI 

SIHY 

MURE 

CAREX 

SPCR 

PPFF 

AAFF 


POTENTIAL    PRODUCTION     (LBS. /AC.     DRY     «T > ; 
FAVORABLE     YEARS 
NORMAL    YEARS 

-""FAVORABLE  TEARS 


I_U_._„IC^I.YE_£_AL_fci. 

PERCENTAGE  COMPOSITION  I  DRY  «E1GHTI  DY  CLASS  OE1 


LS 


6 
12 

5 

5 

S 

10 

10 

5 

S 

10 

10 

15 


1*00 
1100 


-_I 


AFTER  REMOVAL  OF  OVERBUROER, 


FCCTNCTES 
REQUIRES  REMOVAL  CF  GRAVELS. 
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>.LL  C  >0£ 

u.^i  .: 

NO. 

•,u  ONLY 

rTuTTKcT 

WCRO 

NO, 
jj| 
till 

MLRA 

STATE 

Table  N-io   (con.) 

SOIL  INTERPRETATIONS  RECORD 


MLRA'Sl   P77 


.  ,u3'i>ie^i)     1    RECORD  HO,  I        I 
CLASSIFICATION  AND  BRIEF  SOIL  DESCRIPTION 


STATEf^!' 
IFTCTT 


AUTHORS  I  JggT 


~J       KIND  OF  UNIT  | 

"TPATE  P"HTH    REVISED! 


UNIT  NAME  I     ii L  AM \f  ft 


smw 


WTftT 
~3TTg! 


SfgM-u/v\ 


CLASS 


OESCR 


ViL-lLAHL&LJttLlXU.  CnHiTHS.  OFi  DBF?,.,  uiftrf.,  DKAri^P  i^7V,S.  .F-MmCP.  J*t  AlLMyJU*)  0£/T>/£g.  FBo*  *Af)D',T/ltJf  Aufl.   <  rtA/ ^  /lAi  An.uvrrA.i. 

FAj>s^jL£.*Vxaff.  *n?>i£.  kipfiA.  i.a  7m.  ,r££,7i„  aa,..i>„,  tj.  ^.  to,  ,1.0,  went*...  m„a,a...t...  .re.  a./,  ro,  .rj.*. ig..,.  ah/>.  t^£  ftoir  FA&t^&aA*oil- 

Li.  .KiS}.  .T.O.J  kfl-I2AXi.t  .Ty.CrtAl.lV.,.  7AS.  i.lUFJi-jL.  IJ.  l.HH.r  VEllduiKM  Uftuul  .F.THS.  S+MPX.  LOA*  Z  SJ*  )tf  J  TH1C.E,.  irrif  iuHSO.tt.  r*  rAiA~ 
MQWlJ  A^fl.Jiifl^i  <.A**iM.  O.AV,  lflA<H  A.«l,ft  .ClA.Yi  1,11AM  .Iff,  TUCH.t.l.  TU.TCM...  JJtg  ,ixl.ST,»A.:  ,m  .TJi  y^l^»E<.n  fuju*,  .  i  JTtw.T.  Yf  ll'.miM.ii  .!.»>.■/. 
A»P    PALE    BfQWAJ    iAi4)y.  I-PAM  T.O.  A  DfMH.   nF  feO  .  TWCJIf  <  .,  t  >  Q)»f  }     |!  »^.«A,    f  tojv  J.  .1  A  .ft  ygRt^AH- , 1 1 . 


dfiMMM: 


•FOOTNOTE 


DEPTH 
UN) 


USOA  TEXTURE 


UNIFIED 


PLAS- 
TICITY 

INDEX 


Mzl. 


J>zZ. 


4U- 


tf;2 


is: 


Sto,  StA-  SC 


lilt 


2/-AP 


S*\    SM-SC^i.CL-A^L, 


SC,  CL 


DEPTH 
UN) 


CLAY 
iPCTQF  «2UM| 


HOIST  SULK 
DENSITY 
iC  CM') 


PERMEA- 
BILITY 
lift  HRi 


AVAILABLE 

WATER  CAPACITY 

IIN'IKl 


SAME 

DEPTH 

AS 
ABOVE 


P.O-i.O 


0m 


liz.lL. 


-R-n 


0.4^2*0 


-Z.O-fa.0 


0Llb.-Z&J.' 
q.wo.21 


FLOODING 


PROP    I  061 


FREQUENCY  ' 


DURATION 


MOUTHS 


POTENTIAL 
FROST 
ACTION 


JSMK. 


FOOTNOTES 


SANITARY  FACILITIES 


KEYING  ONLY"!         FOUTNOTES~-\ 


CONSTRUCTION  MATERIAL 


SEPTIC  TANK 

ABSORPTION 

FIELDS 


nmrr. 


FILL 


ROAOFILL 


I  UCitlQBABL£.--  EXCE$2-UH£i<- 


,£nn.Q 


LAGOON 


k   SAIlO 


SEWAGE 
LAGOOIIS 


t^>!    Sfyggf-    SttVf\(>F »» 


SAND 


CZSffSfisMTI^TSSrZSZZX 


TRENCH 


SANITARY 
LAIIOFILL 
.TREHCHi- 


1LILHT 


GRAVEL 


GRAVEL 


H  ftlOPEgftTg-  TOO  clayFT 


sanare 


SANITARY 
tAMIFlLL 

AhtAi 


St-TbHT 


SOIL 


CGVER 


DAILY 
COVES  FuR 
LANDFILL 


LTcM 


FOOTNOTES 


FCoTNOTES 


^ 


BUILDING  SITE  DEVELOPMENT 


a 


PONO 

RESERVOIR 

AREA 


WATER  MANAGEMENT 


EXCAV 


SHAI  LOW 
EXCAVATIONS 


5LZLHJL 


DIKES 

T 


EMBANKMENTS 

DIKES  ANO 

LEVEES 


msac 


DWELLINGS 

WITHOUT 

BASEMENTS 


L  .&<?.  P£fc/T£  -    MURIUM-  ZU/CLL 


POIIDAQ 


E  MopF.gAT£  -    snftiMK-swca 


EXCAVATEO 

PONDS 

AQUIFER 

FED 


Sg/Egf.   -    HO       \M\t£.K 


b£EP    TO    WATEP. 


OwEl 


DWELLINGS 

WITH 
BASEMENTS 


DRAIN 


DRAINAGE 


SMALL 
COMMERCIAL 
BUILOlllGS 


2.-y°fo:    MOCgeAT£-    ^M'Cl^-SuCit. 


271 


LOCAL 
ROADS  AND 
STREETS 


E   MgP£gATg-  -^gt^-sit/rn 


gE2Z5  .si,^:  smi  itom^ 


IRRIGATION 


q^^a    L;    FA\TOPf\UF 


TERRACES 

ANO 
DIVERSIONS 


e:i 


/_     ■■       FA\JOei\RL£- 


qt-i,  gtftur/j<; 


LA»NS 


LAWNS. 

LANOSCAPING. 

AND  GOLf 

FAIRWAYS 


r 


WATERW 


FAVD  fLAAL£L 


GRASSED 
WATERWAYS 


REGION 


uil 


FOOTNOTES.-^ 


REGIONAL  INTERPRETATIONS 
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KEYING1  CM.  Y 

UNIT  NAME       B^nc^t 

UNIT  MODIFIER:       .Sf^WCiM^ 

RECREATIONAL  OEVfi  tipufnt 

RECOhU 
NO. 

iOMIROl | 

rtirfitu 

»0lvD 

NO. 

/—FOOTNOTE 

KEYING  ONLY 



CAMPS 

fcl 

3 
4 

':5 

CAMP  AREAS 

Slight  - 

PLAYGO     3? 

1 

' 

PLAYGROUNDS 

2-fe%.  MOPtflftTf-  4Lnt>f 

. 

*;+■*•,  SME?Fi  -   SLOPE 

4 

5 

PICNIC 

III 

L 

PICNIC  AREAS 

6/.7r-.HT 

PATHS 

PATHS 

ANO 

TRAILS 

:jl 

r*dT 

|J 

T2 

13 

3 

4 

1 

5 

5 

;-"r67STfiofE'" 

F  MUPS  AN)  PAS"URE  iHIGI;  LFVFL  MaNAWMfnti 

CROPHO 

Hi 

CLASS- 

DETERMINING 

PHASE 

CAPABILITY 

I 

3 

rnRR 

IRR. 

NIRR 

IRR. 

NIRR 

IRR. 

NIRR 

IRR. 

NIRR' 

IRR. 

NIRR 

IRR. 

' NIRR ' 

IRR. 

nIRR   " 

IRR. 

CROPS 

w 

ML 

1* 

3  1 

- 

t  ! 

. 

5  1 

6  1 

8 

3j1  1 

IS 

— 







-   

- 

—  ■ 

/-FOOTNOTE 

CLASS- 

DETERMINING 

PHASE 

0R0 
SYU 

MANACFMENT  PKOBLtlC 

POTENTIAL  PRODUCTIVITY 

TREES  TO  PLANT 

EROSION 
HAZARO 

EQUIP 
LIMIT 

SEEDLING 
MORTY. 

WINOTH. 

HAZARO 

PLANT 

COMPET. 

COMMON  TREES 

site 

INDEX 



HOODS 

161  j1 

"'!""{ 

- 

A/OA/i 

*  i 

i 

6 

)  1 



— 



IJ 



i 



— 

w 

, 

1 

/-FOOTNOTE 

UAsS-OETERUININC  PHASE 

SPECIES 

HT 

SPECIES 

Hi 

SPECIES 

hT 

SPECIES 

HT 

fllNOBK 

1:1    | 

nc 

WS_ 

.  1. 

I2 ! 

■ 



— 

.___ 

ft" 

/-FOOTNOTE 

CLASS- 

OETERMININC 

PHASE 

POTENTIAL  FOR  HABITAT  ElEMf  NTS 

POTENTIAL  AS  HABITAT  FOR' 

GRAIN  t 
SEED 

GRASS  A 

LlGUME 

WILO 

HERB. 

HAROf.O 
TREES 

CONIFER 
PLANTS 

SHRUBS 

WETLANO 
PLANTS 

SHALLOW 
HATER 

opTnlano 
wildlife 

Y/OOOLAHO 
WILDLIFE 

ilETLAND 
WILDLIFE 

RANGELANO 
WILDLIFE 

WILOLF 

191 

ALL 



.  Y.JLOQ& 

\l  POOR 

?uo?^_ 

- 

- 

POft£ 

POOR 

V,  POOR 

V.  POOfc. 

- 

POOR 

POOR. 

. ._ 

•- 

ij 



>—  footnote'                                        PuTEnU 

/(fW/'               COMMUN  PLANT  NAME 

PLANT 
SYMBOL 
iNLSPNl 

PERCEN1AGE  COMPOSITION  iORY  WEIGHT.  BY  CLASS   OCURUINING  PHASE 

PmASE 

Ml 

L      P1L     SL 

/ 

_ 

PLANT 

fH 

\  _INDL4N_R1C£G 

GAI  1  FTA 

RASS                                             ORHY 

HIJA 

1 1 

0 
1 

*1 

_BL 
31 

IIF   f.RAMA 

BOGR 
ARTR 

— 

— 

G  SAGEBRUS 

\ 

ANNUAL  NATIV 
OTHER  PERENN 
OTHER  SHRUBS 

:  FORBS 

/Ar- 

K 

IAL  GRASSES 

PPGG 

SSSS 

i:i  1 

2  ! 

J 
1 

POTENTIAL  PRODUCTION  (LBS./AC.  DRY  WT|: 

FAVOIlABLE  YEARS 
NORMAL  YEARS 
UNFAVORABLE  YEARS 

PRuUUC 

431   1 

If: 

Soo 

— 

5  n 

0 

0 

I'M. 

FOOTNOTES 

NOTES 

441    | 

1 

W    SOIL     MATfgTAL  If/  nu)    ;/     TllCMOtli    A.    'fiflDD."     KAT7AIA..                           

2. 

../    JU  JtJt.  .1.7. 

,      , 

4 

5 

» 

" 

S    1 

n 

.    i-l^b^^.—. 

.  .  . 
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Table  N-10    (con.) 


NM0388 


S     J     I     L         I     N     T     E 


TICNS        "?     F     C     r     f.     O 


MLRA(S):     37 

REV.     JER-CWK ,     l-7e 

TYPIC    HAPLARGIDS.     FINE-LCAMY.     HIXED.     MESIC 


OCAK    series 

MCOERATELY     ALKALI 


THE     OOAK     SERIES.     MODERATELY     ALKALI     PHAJE.     CONSISTS    CF     DEEP.     kcLL     DRAINED     SOILS.     THEY     FHCMEC     IN     »LLUVIAL     AND     AEOLIAN 
DEPOSITS     DERIVED    FROM    SANDSTONE     AND     SHALE     CN    MESAS    ANO     PLATEAUS.     ELEVATICNS     r.ANGE     5500    TC     6400     FEET.     A  .A  .P  .      IS    6     TO     10 
INCHES.     A.A.T.      IS     AdOUT     52     F.     FROST     FREE     SbASUM     Is     140     TO     160    DAYS.      TYPICALLY     THE     SURFACE     LAYlR     IS     5     INCHES     CF     I  JOWN 
VERY    FINE    SANOY    LLAM.     THE     SUiiSOIL     IS     14     INCHES     OF     YELLOWISH     riED     SANDY     CLAY    LOAM.     THt"     SUBSTRATUM     IS     A     SCDIUM     AFFCCTED. 

REDpfSH     8ROWN    LJAM    T  Q_&  J-lNCHii_Ui_MQh&A-it,figES_RANOE_F  hC»_^_IQ S_££.b£fc  NJ-t 

_    _     ES.IJ.MATtO.     5CIt     PRfiPERIl£5 

I 

|  JNIFlEu 

1 


DEPTH | 
(  IN.)  J 


USDA     T'XTUKE 


0-5     |L.     VFSL 
S-19|L.     SCL.     CL 
19-601  L.     SCL.     CL 

I 

I 


| CL .  CL-ML 

|CL.  Sl-i-SC.     SCi 

|  CL  .  S  M-  SC  .     SC  . 
I 


CL-ML 

:l-ml 


DEPTH|CLAY      |MOIST    BULK |      PERMfcA-         |         AV4ILAULL 
<IN.)|(PCT      |     JENSITY        |      bILlTY  |WATE~     CAPACITY 


K2MH)   I      [G/r,M1) l_tlN/HHl_i iii^IbJ l__i.PH.l__l 


0-5     | ie-27 | 

5-19| 1 6-35 | 

19-60| 1S-35 | 

I  I 


I 


|  0.6--.  0  |  3.1  3-0.  17 
|  0  .2-0.6  |  C.  1  5-0.  19 
|      0.--C.4         |         0.1  3-0.19 


I 


AA5HTC 


A-4 

A-4.     a-s 

A-4,     A-6 


SCIL 
REACT  |_fj 


7  .  o -fc.4 
"».4-$.  C 
7.Q-9.0 


IFR.JCT  IPESCENT     OF     MATERIAL    LESS            ILIOUIO      I^LAS- 
|>3     lNl_Tt.i_____P____NS_S_l_Yfi____.i_l     LIMIT      JTICITY 
Li__IlJ * !_________  4__ l_____J U.__>E__ 

I        C        I     1C:  100  Pb-SS       50-75     I     20-3:     I     S-IC 

I         0         I      100  100  90-100     40-fiC     |     2S-4C      I     5-20 

I  c      I    loo  ioo        fto-ioo  4c-ao    j    25-40    |    s-20 

II  II 
II                                          II 

S4L1NITY  i  SHRINK-  | EF CS ICnJ w I  NO   |CPGANIC|     CCRRCSIVITY 

(MMHOS/CM)|    5WFLL  | F£_TCR_ | £P CD.  I  MA TTEC   I 

IP-TENT  IALj~K     I     T     |GKCUP|     (PCT1     I     STEEL I______I_ 

<2      I     LOW  |.2.7|   5  I    3   I   .5-.  6  I _J.__ _ LOW 

<?      |MGOERAT5  |.32|     j        I  I 

1-1  |MCDER4TE  |.37| j. i | 

I  I     I 

I  I     I 


:LUOJ  ING  I H__H___7___T____ I  LE^ENTEO  PAN  T _____.__- 


ISJESIUENCE   iHYD  |F.:Tt  KT'L 
U:PTH  I    KINO    |MCNTHj  I  OEPTrt|HARONESo|OEPTH  |  H  \RDNESS  |  I  N  I  T  .  |  TOT  AL  |  GRP  |  tt-uST 
FREQUENCY I _V__,I_£J_ ___N____1___I___1 _ 1_I_1_] l_il_l_l Il._______l-__J ___________ 

___£ 1 i l_>__c_l j !___ L ___.___! J __J L______i,_i___ 


SEPTIC   TANK 

A8 SORPTION 

FIELDS 


SEWAGE 
LAGOCN 
AREAS 


— 1 


aL IGHT 
SANITARY 
LANDF ILL 
( TRENCH) 

SL  IGHT 
SANI TARY 
LANDF ILL 
(AREA) 


DAILY 

COVER  FCR 

LANOF ILL 


SHALLCW 
EXCAVAT  IONS 


OWELL INGS 

WITHOUT 
BASEMENTS 


DWELL  I NGS 

WITF 
BASEMENTS 


SMALL 
COMMERCIAL 
9UILOINGS 


LOCAL 

ROADS     ANO 

STREETS 


LAWNS. 

LANDSCAPING 

AND     GOLF 

FAIRWAYS 


JANIJTARy     FACILITIES 

5EVc^E-PC."C3     SLOWLY 


11 


0-2%:      SLIGHT 

Z--XI      MOJERAT-_-SLOP_ 

7*-Z      SEVfcPt-SLOpi-" 


11 


GRAVEL 
TLPSCIL 


BUILDING  31  IE  -EViLCPMlNT 1_ 

SL  IGH1 


MODERATE- SHR  I  NK-  SWE  LL  .LCk  3TF -NGTH 


MC-L^ATE-iHHINK-b.CLL .LLW 


0-4%:     MCDERATE-L,HRINK-S»rUL  .LEW     iTRENOU 
>  +  X:      MOOEKATE-SI-RINk-SWEL.- .LL.     STFENGTH, 
SLOP- 


SEVERE-LEW    STRENGTH 


1 


11 


11 


11 


11 


H.U40F  ILL 


_____E___i_____I__i__ 

PGGR-LO*/    STRENGTH 


FAIR-TLC     CLAYEY 


PGND 

RcSERVCIR 

ARuA 


W,C7ER    MANAGEMENT 

|      Q-t%:     FAVGi-ASLE 
c*x:    SLCPE 


tM;>\KMEMS 

CIKcS     AND 

LEVEES 


txCAV  ATr.D 

PCN  JS 

ACUIfES     FEL 


-11 


IKR  I  GAT  1L.N 


T  ERP4CES 

6.ND 

01 VCF  ilCNS 


GRASSED 
WATERWAYS 


PIPI N& 


NO     WATtR. 


C-2i:     f  flVllPi^LE 
2+x:      iLCPf 


C-?*:     SOIL     PLCW1NG 

2  +  5,:     iQIL     3L0W  IN1.SLCPC 


scil    slcwin; 


REG1CNAL INTERPRETA1  ION- 


I 
I 
I 

_L 


11 1 
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CCAK    SERIES 
VCDERATELY    ALKALI 


I      400trtATE-CUSTY 


Table   N-10    (con.) 


<«Mi)3ES 


CAMP     AficAS     1 


I     MC2Er»ATE-CUSTY 
I 


PICNIC     ARtAS| 


CLASS- 

OETERMINING 
PHtSE 


.^BialLirf   *NP  .  Y 1  ELPS.££e_A^6£-££_^gces 

CAPA-     |  | 

BILITY    |  | 

_t. 


iMi«^122ilNlB!i_lliRj_lfci^£_lU£i_lNih£_lieEi^NI£fc_Jli:£J.lNiek_ll£R._lbJi< 


I 


PLA  YGRCUKC; 


PATHS 

AND 
TKA IL- 


0-?>:  MCwlF'T'. -CCSTY 

2-_x:    ytuE(-*rs.-  slc^l.cjosty 

?♦)»:     SCVERC-Sl.t.PE 


CuOt  f   41  t-CLSl  Y 


ifce-EiSlyUfi—itlStLViviLJlANAiitMEJsJl 

I  I  I 


I 


ilttLE-B-lIBEA. 


L L L 1 1 1 1 


J L 1 1. 


CLASS - 
DETERMI NING 
£t!AS£ 


oac 

SYM 


-l-jj*^Aac_i  l  imi. 


MANAGEMENT     PROSLtMS 1  —  PUlgbIU.l.Etiiii^llHlll.  I 

EROSIONl      EOOIP.      |CEEOLING|      «!KOT»-.|      PLANT         |  OCMMCN     TrfrcS  |SIT[T| 


TPcES    TC    PLANT 


.iiCRIJ.IJLI_tl6i£Ra_J_Cii:t:tJJl. 


Utaul 


5-PETEBamia-EUtofil— 


_S2E£.1£S- 


CLA  SS- 
OETEPMI  N.NG 


NIRR 
IRR 


►-UjS  I  AN-OL  IV: 


aiiiiiitilSi 

all iEJ^li* 

£C|LCMb«RUY     PCM>C 
I 
I 
I 


L_L 


ihti seiiiiri 

I  roj/r  izcna    :ypre;^ 


J L 


Lull S££C.1ES_. 

AuTUCN-CL  I  Vt 


.1 L. 


—Lbi 


*lL2J.iE£_HJiiiT£l_SLii£aiLIIX. 

Pi.TENTlpL    FOR    HAE1TA7    ELEMENTS L___e61£NJ_liW_ii_i36i)llf.I_LI!£i. 


GRAIN    (,|GRAGS     t|      u  ILL)         |HARO*0     I  CON  t  f  EH  |  SHft  L5  S     |  Ml  TL  AND  |  .THALLCW  |  C°EM-D     |  \»CCOLO     |  WF'I   ANC  |  1,'ANG  ELO 

pha££ J_S£&12 LUsiiy!lE_i_H£Rai_l_i£E£fi_iPtANi5_l leUiNI5_l-i*IEii_l!«lLDWt_LaiLi>tE_iiltma;_L«lUi;UE_ 


V.  POOR | V.  PGCR 

FAIR   |  GCIOO 

I 

I 


POOR 

I'CbH 


|   PO.W 


I   >'CGR 
I  PCCF 


/.  PCCf  |  V.  POl  F 
FAIR    I   CCuC 


V.  TCCRl   PCC1* 
PUCR    I  POOR 
I 

I 
I 


pi-tent;  al  native  plant  ^u.«iMUfriTx_iRAN§kL,<  no  CR  ic;-lst  unsefstcpy  vegetation) 


COMMON    PLANT     NAME 


GALLETA 

FOUR«ING     SALTillSh 

BLUE    GRAMA 

I  NO  IAN  PICE GRASS 

ALKALI   3ACATON 

NfEOLE ANCTHRt AD 

BOTTLEBRUSH  SQUIRRELTAIL 

SANO  DRCPSEEO 

BIG  SAGEBRUSH 

THREEAWN 

BLACK  GREASEkCCD 

SHAOSCALS 

OTHER    PERENNIAL     FORiiS 


Pl_ANT 
|     3YMBCL 

HI  JA 

ATCA2 

?0GR2 

CRHY 

SPA  I 

3TCG4 

SIHY 

SPCR 

A*TR2 

AH  1ST 

SAVE* 

at:o 

PPFF 


POTENTIAL  PHOOUCTICN  (LBS. /AC.  Q3Y  »T  )  : 
FAVORABLE  YEARS 
NCRMAL  YEARS 
yEf*YQflA6W.E_I£ARS 


ECEiitliSt-iyafck^lIikN-iCEI-SSiiClJ-il-iLAiji.Bil^ilNiNii-EMASE. 

LOAM  I  I  I  I 

IS 


15 

16 

10 

s 

10 
5 
? 


FCCTNCTES 


N-79 


■  COdO 


Table   N-10    (con.) 

1         r  R        >'        J,        t  |         *         J  1         U        N        S 


R     L     C     0     U    0 


Ml RA(  SI  :      35  .     3c.      3/ 

HtV.      Nrb.ILf.      4  -7« 

typic    iu««iOBiMtms, 


COARSE-LOAMY.     MIXED      (  C  ALC  ARl  OuS  )  .     MESIC 


MUIlLAKI)      It  RlL  S 


I  Mfc     FxUIlLANO     itidtS    CONSISTS    OF     Dt 

AND  MESAS.  ELf  V*1  10k  RANGE  «BUJ  10 
lwu»L  AIU  IExplhATuhE  IS  51  IU  55 
HHulH     CALCAREOUS      SANDY     LOAM      7      iNCHf 

bii-S__C.AL._A.Rj._ys_sANpY_L0AM_Tg_fi4L- 


DEPTH 
I    IN.  ) 


0-7 
0-7 
0-7 
7-60 


J 

Ot  PIH 
I  IN.  ) 


0-7 
0-  7 
0-7 
7--0 


USUA      TEXTURE 


EPi      WELL      DKA 
6500     FEET .     X 
F . .     ANU     7ME 
S     THICK.     TMt 

NCHES      OR      M'l« 

EJilJ 

UNIFIED 


INEO     SOILS     FORMED      IN      MIXED     ALLUVIUM     ON     VALLEY     SIDcSi       ALLUVIAL 
EAN     ANNUAL      PRECIPITATION      IS     6      TO      10      INCHES.      MtAN 

FHOST-FMEE     SEASON     IS     1«0     TO     165     DAYS.     TYPICALLY     lHt     SURF ACt     L 
SUBSTRATUM     IS    A        PALE     bB0»N     AND    LIGHT     VILLO-ISH 

__.-_iL.-P-S.     FANGE    FROM    0    TC    30    PERCENT. 

_AJ_____1J PROPERTIES    (A) 


FANS. 
AVER     IS     A 


AASHIC 


SL  .     FSL 
SCL.     L 
LF  S 

FSL.      SL 


ISM 

I SM-SC, 

I  5M 

ISM 


SC.     CL.     CL 


_J 

|A-2. 

ML | A-6 ■ 
|A-2 
|  A-4  , 


| FRACT | PERCENT     OF     MATERIAL    LESS  |LlO 

|>3     IN|_IH_AN_j-_£AiijJ3ii_ii£it_£|LU_J      LI 

_UP£IJJ ± 1 ____! _fl [__.__ | 


A-2 


I 


I 


CLAY      |xOIST      t ULK J     PERMEA- 
(PCT      |     DLNSI  1  V         |     b! LI TY 


AVA  ILABLE 
•  ATER     CAPACI 

_l_.___Jl_l__C.__i  U.N/JNJL  _ 

0.11-0.13 
0. I S-O. 1 7 

o.oe-o. t i 

0.1 1-0.13 


I      s 

TY  | RE  A 
__J 


I 

I 

OIL  |      SALINITY      |      SHRINK- 

C  I  I  UN|  I  MMHDS/CM)|         S»ELL 

__t___i._ 


i  oo 

1  00 
1  00 
1  00 


100 
100 

too 

100 


60-  7S 
80-90 
SO- 75 
60-75 


30-45     J 
40-60     | 
15-30 
30-45 


1  5 

20 
I 
I      »5 


COR 


i  ..0-6.< 

|  0 . 6 -2 . C 

|  6.0-20 

I  2.0-b.C 


S-l  0| 

1  0-25| 

5-l2| 

5-1  e| 

I 

J 

FLOODING 


___L__LK_ 1 CUHAIJON. 

NONf [  _ 


I 


_1___I 

_J 


| _J__ 

|      DEPTH      | 

_S_.L_.__IJ L 

1___a__._1 


I  EROSION] kl NO     |0RGANIC| 

I  FACT  On  SI  EN  00.  |  MATTtfM     | 

__i_±U__IJ__.l-__i_  !_l___'-_A_i__IJ_l_i__J-_ 

I      .6".  8     | H!*B 

I      .--.O     | 
_J____-__I 


<» 

<4 
<4 
<4 


LOa 

|.24|      S     | 

L0» 

1 -pel    s   ] 

LOl 

l-2*l___J__ 

L0» 

1-281 

J                         I 

010      |PLAS- 
M1T      |  T  1C  ITY 

JJN.DF.2S_ 

-25     |NP-5 
-30     i     5-15 

|  NP 

-25     JNP-5 

I 

RCSI VI  TV 

ZIi___i_-___ 

I LUii 


I     CEM.NTLD    PAN 


kPIIC      T  AUK 

ABSORPT   ION 

F  I  LLOS 


51  -  «  AGE 
LAGOON 
AULAS 


SAN  I  I  A  RV 
L  A  SDK  I  LL 
I  TRENCH) 


SANI   I  ANY 

L  ANUF I LL 

I  au  EJkl 


OAILY 

COVCR    FOR 
LANUE ILL 


SHALLOW 
IaCAVATIONS 


0-ELL  INGS 
•1 IHOUT 

MASEMtN IS 


i_ '•___-____A-JL.il  lfiS. 

-dX  :      SL   I  GHT 

-1SX:     M  CDF  RAT  E  -SLOPE 

j«  x  :    se  verl-si  ope 


______  £-!_<_!-.& J_W_SiDi:ilCJL_|HYO|POTENT'L 

| MONTHS     | DLPTH| HAmDNESS | DEPTH     | HARDNESS | I N I T . | T 0 TAL | GRP |     FROST 

1 iJJiLLJ L_1JM_L_ JiJ__l_J_.i_J_J ___>_.li_-._ 

i l_r__J _1_____J L__r__J i_fi.J_l.CJl — . 

_£  G£_I____l  ________  IX  _JAL 

0-15X:     GOOD 
I5-25X:    FAIR-SLOPE 
2S*x:     PoOR-SLOPE 


0-7X:   SE  VER_-5C_PAGE 

7»x:   5E  VERE-  SEEPAGE  .SLOPE 


0  -  HX  :  SI.  I  GHT 

«-i:>x:    kouhuie-sloi'E 
I5»x:    r.i  vlrl-sl  opc 


JJ 


o-  ex  :    «j_  ight 

_-!_»:     MUOLRATE-SL  OPE 
is«x:     st  vERE-SL  OPE 


o-ex:    good 

a-  i  5  x:    f  ai  p- slope 

I5»x:      POOR-SLOPE 


DULL LINGS 

■  1  TH 
BASE  xl.  NTS 


SMALL 
COMMLHC I AL 
BUILOI NGS 


LOCAL 
WOAOS      ANO 

buteis 

L  A »NS . 

LANOSCAI'   ING 

ANJ      GOLF 

F a IB.A  TS 


___iyjL__._____j____D_Y_L____.__:- 

0-bX  :     SL  IGHT 

D-ISX:      "COLRATE-SLUPE 

1_»X:      SE  VERE-SL  OPE 


O-ex  :    SL  ight 

6-1SX:     MOOC.   ATE-SLOPfc 

15»x:     SEVERE-SLOPE 


j-eix  :    s_  ight 

U-1_X:     MOOERAI E-SLUPE 
]_*x:     SEVERN-SLOPE 


o-«x :     SL  IGHT 

4-8X:     MODERATC-SLOPE 

a»X:      SEVERE-SLOPE 


o-  ax:    sl  ight 

8-lsx:     XOOERATC- SLOPE 

!S»x:     SEVERE-SLOPE 


0-3X  :     SI.  IGHT 

S-IS»:      xnoERATE-SLOPE 

I5»x:     SEVCRL -SLOPE 


IRRIGATION 


|   |         TERRACES 
I   I               *ND 
]   |     DI  VERS  IONS 
_JJ . 


I   I 

|   |  GRASSED 

||         MATER  -AYS 


IMPROEAELE-ExCESS    FINES 


IMPKOEAPL E-ExCESS    FINES 


0-8X     SL  ,F SL .SCL  .L:     GCOO 

B-I5X     SL  .FSL  .  SCL  .L:      FAIR-SlGPE 

o-ox    lfs:    Faih-ioo    sandt 
6-isx  lfs:    fAiR-Tuo    sandy. slope. 
.J5_XJ__JJ21___Lfl?£ 


•AJi.R_MAN.AG£Mi.Nj^_ 

C-ax:   SEVERE- SEEPAGE 

8«x:     SEVERE-SEEPAGE  .SLOPE 


iEVEfiE-PIPING 


SEVERE-NO     -ATER 


OECP     TO     -ATER 


0-3X     SL. FSL. SCL .L:     FAVORABLE 
3»X     SL  .FSL  .SCL  ,L:     SLOPE 

o-3x    lfs:    fast    intake 

3»X  lfs:  FAST  INTAKE. SLOPE 

o-ex    scl.l:    favorable 

8+X    scl.l:    SLOPE 

0-BX     SL. FSL. LFS:     SOIL     BLC-ING 

8*X     SL.FSL.LFS:     SLOPE. SOIL     ULUmING 


o-ex:     FAVORAULE 
a«x:     SLOPE 


-REGIONAL      >NI_I-PR_.J  _ATJ0_5 
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t    K^I    IL'SJ      S  I.  R  I  E  S 


Table   N-10    (con.) 

_BLfiiit*lJJJt!*L_EL^£UJeifU!iI. 


I      0-t»     SL.F SL. SCL.LFS:      SLIGHT 

I     S-tSX     SI- .FSL  .SCL  .LFS:      MODERATE-SLOPE 

camp   areas    |    o-ex    l:    mlde rate-oust y 

|      B-ISJ     L:      MOuERA I E-SLUPE .DUSTY 

J._lS»5i_i£*£iir>LOP£ 


|  U-OX     SL.fbL. SCL.LFS:      SLIGHT 

|  d-lt>X     SL  .FSL  .  SCL  ,LFS:      MOO E HAT C- SLOPE 

PICNIC     AREASl  O-tlX     L  :      MUDLRATE-DUSTT 

|  B-lil     l:      MOOERATE-SLUPE  .DUSTY 

l_15±iJ_S];*kSf.=5UQe£ 1J 

C_*g.imiLJlI_*Np_iif.LJ^_PEw    «Clit-Q£_CJjgPJi— ANg_£A_sjvB£_— LUISti- !■£>£] !i4NA5tiiJJlIi 


I  0-2X     SL.F SL. SCL .LFS:     SL I  GMT 

I  2-6X     SL  .FSL. SCL .LFS:      MODE RA T E - SL OPE 

PLAYGROUNDS      |  0-2X     L:     HG JEH A T E- DUST Y 

j  2-6X     l:     MOOEHATE-SLOPE.OUSTY 

LI L_4±ii_£Lvji£LrSL0££ 

|  0-I5X     SL.FSL.  SCL  .LFS:     SLIGHT 

PATHS  I  IS-25X     SL .FSL. SCL.LFS:     MODER AT E- SLOP t 

AND                  |  0-1SX     L:     MODE&AT E-DgSTY 
TRAILS            I  1S-25X     L:      KODkRATE-SLOPE .DUSTY 
1  2-2**1     StyE-RE-SlOPE 


O. ASS- 

Dt  TE  RMI  Nl  NG 
PHASE 


0-2X 
2-5X 
■ >x 


CAPA-  J  ALFALFA  |         PASTURE         | 

UIL1TY         j  HAY  J  | 

L_1>CH5J. J  1*U")  I 


CORN 


itmi- 


^J3MUBBJltJlP£-lJ-wllt_ltjJi;B_li-RRJ_lNl_aB_iJR£J.ljaRp.  JlBBx 


7E 

7E 
7E 


2E     | 

3E     | 
«E    I 


25 
20 
IB 


I 


1. 


J 1. 


125 
I  10 


CL 

r>t  it. 

p.h 


ASS- 
RM|  Nl 

4i£_ 


0«D 

sm 


_M.*N,AV£-*££I_£fii.1&L..£*i. 


EHUSlUNl      E 


ou  IP. 


SL tOLlNGl 

-MOjiiJLij,!. 


■  I NJTM.  |     PL  ANT 
H*i*yC_J_C.QMPFJa 


CORN 
SILAGE 


25 

20 


CRASS     MAY 


JiOaSJL 


ttXSJL 


1EB, 


5 
4.5 


MHR 


tPPl 


NliiB_iXFJB« 


i 


?Di£NJi^L_eyaDy£n.YLLi.i_ 

COMMON    TREES  |SIIE 
. IlfcLDXj 


TREES  TO  PLANT 


2  STRAT IF 
A  EST IMAT 
I  SEEPAGE 

3  NOT    U5U 


UD     SAND.     GKAVEL 
tS     OF     CnGI  Nl:  LR  IN 

OF     LEACf-ATE      IS 
ALLY     UTILIZED     IJY 


MAY     OCCUR     UELO* 

■> 

G    PROPERTIES 

ARE 

u 

NJT     A     L  I  M  I  I  AT 

1  ON. 

CATTLE.     UT 1L 

1  ZED 

900  I  eoo 

700  I  600 

_300 L «?2 1. 

FOOTNOTES 
0   INCHES. 
ASED  ON  TEST  DATA  OF  I  PEDON  FROM  SAN  JUAN  COUNTY.  NE ■  MEXICO. 

BY  SHEEP  IN  THE   SPRING  AND  FALL. 
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KM0362  SOIL        INI 

Ni.RA(S):     3  7 

REV.     TLP.    5-78 

TVPIC    NATHAAGIOS.     LOAMY.     MIAtO.     MESIC.     SHALLCW 


'le   N-10    (con.  ) 

RETATIONS        RECC     f.    A    _    .       p 

m  stuns  fut 


HUERFANO    SERIES 


THE     HUERFANO    SERIES 
UPLAND    VALLEYS.     ELEV 
SEASON    IS    ABOUT     ISO 
SUbSOIL      IS    DARK    YELL 
RANGES    FROM     Q     TO     3    P 


CONSISTS    OF     SHALLOW,     WELL    DRAINED     SODIUM     AFFECTED    SOILS    FORMEO     IN    ALLUVIUM    ON    MESAS.     PLATEAUS.     AND 
ATIONS    RANGE    FROM    5600    TO    6400    FEET.     A. A. P.     IS    ABOUT     8     INCtlES.     A.A.A.T.     I  a     ABOJT     33    F.    FROST-FREE 
DAYS.     TYPICALLY.     THE     SURFACE    LAYER     IS    LIGHT     YcLLOWISH    BROWN     SANDY    CLAY     LOAM    2     INCHES     THICK.     THE 
OWISH    BROWN     AND    YELLOWISH    BROWN    SANOV    CLAY    LOAM     13    INCHES    THICK.     SHALE     IS     AT     IS     INCHES.     SLOPE 
EBCEM. 


_E_S_HMAJtfi_aajL_£BQ££BXUS_ 


DEPTHl 
<  IN.)  | 


USD  A     TEXTURE 


SCL.     L 
SL 

CI.      SCL, 
I  (IB 


SC 

SM-SC 

SC 


1- 


ICLAY     |MOIST    a 
I  IPCT     J    OEnSIT 
C2MH) I     (G/CM3 
IS-2SI 
||0-20| 
|28-35| 
I 
I 


PERMEA- 
V        |     dlLlTY 

1 l_lltl^i!!»l. 

I  0.O-2.0 
I  2.0-6.0 
j  0.2-0.6 
I 


. 1. 

>ING 


AVA 1LAOLE 
•  ATtH  CAPACITY 

uticua 

0.1 S-O. 17 
0. I  1-0. 13 
0.1 5-0. 19 


A-6 

A-2, 

A-7. 


A-4 
A-6 


FRACT  IPERCENT    OF    MATERIAL    LESS 
>3    !N|_ltliN_3"   PASSING    SU.x-e.bfl.1. 


0 
o 
o 


l_i I       10 


100 
100 
100 


100 

ioo 

100 


.J IB t    20P_. 

85-S5  40-70 
60-70  30-40 
85-95       45-60 


LIQUID     |PLAS- 
LI Ml T      j  TIC  ITY 

Iiacta_ 


^OIL    |  SALINITY  |  SHRINK-  | ERCS I CN |  » 1  NO  |CRGANIC| 
REACTION|  (MMH05/CM)  j    S»ELL    |  FACT.  flRS.  |  EiJOO.  |  MA  TTER  | 

LPrtl  — 

7.9-9. 0 
7.9-9.0 
7.9-9.0 


25-35  |10-15 
20-30  |NP-10 
35-45     |1S—  20 

I 

I 
1 


CORfcOSl  VITY 


-i- 


iPOTCNTIAll     K     |  T     |GRCUPl      ( PC  T  1      I      STEEL         ICCNCRETE 

>4  IMOOERATE  |.32|  1      |         4L     |  -  I         HIGH         I        LOW 

>4  I  LOU  1.2*1  I     |         3        |  -  | 

>4  |MOD£«ATE  |.32|  J L I 

I  I  I 
I  I 
I 


LRElUfctlCJL 


JJliBiJ 


,MflN£_ 


_SAN4TARV_£AtlU.I_l£S 


I dl£iO_lAiia_IAfll.E L_ifcfi£t>LLD_e£B_l fctCBOiB LiUU5i£Li;£E_  I  hyd  |potent-l 

|  DEPTH  |    KIND    |MONTHS  | DEPTh| HARDNESS |DEP IH  | HARONEJS | I N I T . | T 0 T AL | GRP j  FROST 

_LaiiN_it|s_l_i£Tj 1 1 L11M.J l_iitl_l liO.NJ_lil.NJ_l i_iClLCti_ 

-J i_iB»fl_l I 1__ I lll_£0_l_ie_*&k_l__- L___1__J LfU 


CONSTRUCTION     MATERIAL 


SEPTIC     TANK 

ABSORPTION 
FIELOS 


SEWAGE 
LAGCCN 
AREAS 


SANITARY 
LANDFILL 
(TRENCH) 


SAM  TARY 

LANOF ILL 

(AREA) 


._! 


OAILY 

COVER  FOR 

LANDFILL 


SHALLCW 
EXCAVATIONS 


._! 


DWELL INGS 

WITHOUT 
BASEMENTS 


DUELLINGS 

■  ITH 
BASEMENTS 


SMALL 
CCMMERCI  AL 
BUILDINGS 


LOCAL 

HO  ADS     AND 

STREETS 


LAWNS. 

LANOSCAPING 

AND    GOLF 

FAIRWAYS 


SEVERE-PERCS     SLOWLY. DEPTH     TO    ROCK 


SEVERE-DEPTH     TO    ROCK 


SEVEUE-OEPTH     TO    riOCK. EXCESS     SODIUM 


11 


POCR-AREA    RECLAIM. THIN    LAYER. EXCESS    SODIUM 


aulLOING    SITE     DEVELOPMENT 

SEVERE-DEPTH     TO    ROCK 


MOOERATE-SHRlNK-iwLLL.LOW     STRENGTH. 
DEPTH    TO    ROCK 


SEVERE-OEPTH    TO    rtOCK 


MODERATE-CEPTH    TO    ROCK.LOa    STRENGTH. 
SHRINK-SWELL 


SEVERE-LOW    STRENGTH 


REGIONAL     INTERPRETATIONS 


POCR-AREA    RECLAIM. LCW     STRENGT H. TH IN    LAYER 


_l 


PCOR-EXCESS    SCDIUM.THIN    LAYER 


PONU 

RESERVOIR 

AREA 


EMdANKMEKTS 

DIKES     ANO 

LtVEES 


EXCAVATED 

PONDS 

AQUIFER    FED 


IRRIGATION 


TERRACES 

AND 

DIVERSIONS 


GRASSED 
WATERWAYS 


■  4I£H_aiN.A<*£__il_ 

DEPTH  TC  ROCK 


THIN  LAYER. EXCESS  SCDIUM 


NO  WATER 


0-2*:  DEPTH  TO  KCCK,  EXCESS  SCDIUM 

2+X;  DEPTH  TO  RCCK.  EXCESS  SCOIUM. SLOPE 


0-2*:  EXCESS  SOCIUM. ROOTING  DEPTH 

2*X:     EXCESS    SODIUM. HOOTING    DEPTH. SLOPE 


OEPTH    TC     nLCK 
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P£tRE*IiQNi»L   C£Y6LflPB 


NM0362 


CAMP  AREAS 


PICNIC  AREAS 


SEVERE-DEPTH    TO    ROCK 


SEVERE-DCPTH    TO    ROCK 


CAPABILITY     AND    YIELDS    PER     ACRE    OF     CROPS     AND    PASTURE        (HIGH    LEVEL     MANAGEMENT 


CLASS- 
DETERMINING 
PHASE 


CAPA- 
BILITY 


N1RR|  IRH.|NlflP,     |1RR.      InIHR     lIRR.     INIRR     I1HR.     |N1RR     IIRR.     tMRH     LjBB-l     InIRH     llRR.     INIPR     llRR. 


CLASS- 
DETERMINING 

£t)45£ 


CRD 
SVM 


.1- 


EROSION 


L 


PLAYGROUNDS 


PATHS 

AND 
TRAILS 


SEVERE-CEPTH    TO    ROCK 


HOOPLA NO    SUITABILITY 


—  «i*N,&&m£b.j_EecQL,E,as 

ECulP.      |SEEOLING|      lrINDTH.| 
-LUII I      MGRI'Y.  I     HAZARD 


tWA55^fiE_LtfiMlUiG_Pa45eJ 5£EilE« 

|      NONE 


I 


I 


aiC£llE£-e*fiUAi_I3IiABlLlii_- 


POTENTIAL    AS    HABITAT    FOR; 


CLASS-  I POTENTIAL    FCR    HAUITAT    ELEMENTS 

DETERMINING                  luRAIN    fcjGMASS     t\      HILO         |HARD*D     I  CON  1  f  Lh  |  Sr*  ubS     |  »ETL  ANO  |  SH  ALLCK  |  OPENLD     |  HOODLD     |  liETL  ANO  |  R  ANGELO 
St!*5£ I     aECP      RESUME    1     HERB.     1    TREES    IPLANTS    I leL_*MS    l-»*I££-LlLlueL,f     IHUPUf    l)jXkgL_F_J.JILgL£ 


POOR|v.    POOR 


._l 


PCCR|V.     POOR 
I 

I 
I 
I 


POOR 


PCOR 


■  ELI£M.1*C   mHVC   EL^NI^caMyjaiTJL^B«fcC^L^isO_flR_^c^sT_^fcgERSIC6I-^£0-£JfIl£M 


COMWJN    PLANT     NAME 


ALKALI      SACATON 

FOUR* I  KG  SALTduSH 

GALLETA 

SANO    ORCPSEEO 

THREEAKN 

SHAOSCALE 

BLACK    GREASEaOOO    1/ 

OTHER    PERENNIAL    F0R6S 

OTHER    ANNUAL    FLR3S 


PLANT 
SVMdOL 

J_i£i5£aL 

SPAI 

ATCA2 

HI  JA 

SPCR 

ARIST 

ATCO 

SAVE  4 

PPFF 

AAFF 


POTENTIAL    PRODUCTION     (LBS. /AC.    DRY    »T ) , 
FAVORABLE     YEARS 
NORMAL    YEARS 

UC(FAY.gBASL_E_XfcAR_Si 


■  P£B^MAjiE,£OMPas,ixiQN_iBaY._»Ejfii3l)    8T    CLASS   PfclSEJliti 

I 
1 


30 
IS 
IS 

s 

5 

S 

10 

10 

s 


525 
325 


NG    PHASE 


FCCTNOTES 
UTILIZED  BY  CATTLE  AKD  SHEEP  IN  «INTER  ANO  SPRING.  BLOAT  ANO  PERHAPS  POISONING  MAY  RESLLT  FRCM  EATING  THIS  FCRAGE, 
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S  C  I  L    INTERPRETATION 


R  E  C  C  6  0 


MLRAIS):  37 

*EV.  ACK.JEB.  10-79 

TVP1C  CAMBORTHIOS.  FINE.  MIXEO.  MES1C 


NCTAL  SEf-  IES 


THE  NCTAL  SERIES  CONSISTS  JF  DEEP  WfcLL  DRAINED  SODIUM  AFFECTED  SOILS  FCRMEO  IN  ALLUVIUM  OK  VALLCY  d-TIQMj  ANC 
ORAINAGEWAVS.  tLtVATICNS  RANGE  FROM  5600  TO  6400  FEcT.A.A.P.   IS  ABOUT  8  INCHfcS.  A.A.A.T.  IS  ABCUT  53  F.  FSCST-FSEE 
SEASON  IS  ABOUT  ISO  OAYS.  TYPICALLY  THE  SURFACE  LAYER  IS  BROWN  SlLTY  CLAY  LOAM  AuCUT  3  INCHES  TUCK.  THc  SU6SCIL  li 
GRAYISH  BROUN  CLAY  ABCUT  20  INCHES  THICK.  THE  SUBSTRATUM  IS  GRAYISH  BROWN  CLAY  TO  60  INCHES  CR  WCR_.  SLC^tS  RANG.  ffcC«  - 

Tc_i_.  _£__._.__!_ 

ESTIMATED  SOIL  PRGPcftT 


DEPTHl 
( IN. ) | 
L 


USCA  Texture 


0-3  |CL.  SICL 
0-3  |C.  SIC 
3-fcC|SIC.  C 


UNIFIED 


AA3HTC 


_L 


CL  .  ML 
CL  .  CH 
CL.  CH 


|A-6.  A-7 

l*-7 

|A-7 


|FRACT | PERCENT  CF  MA1EHML  LES-  |LICLl-  |f-L»-- 

INl  THAN  3"  PASSING  Slt-VL  ML,  I  L  I X  I T  ITICITY 

llE.Ill 4 J ._i__l __■ l_2J.fi 1 l___2___ 

0    I   100      IOC     S0-1C0  ?G-tC  |   _i-4'_  jiC-21 

C    |   100      110     50-100  90-55  |  4C-6C  I  J:  ?C 

c      I    loo  ne       so-ico   eo-ss  |    »o   c  3  |i=>-ic 

I  I  I 


OEPTH|CLAY  |MCIST  8ULK|   PERMEA- 
(IN.)|(PCT  J   DENSITY    |  BIL1TY 

l<_L__n -J  ______ I   (1N/HR) 

0-3     128-351  -  I      0.2-0.6 

0-3     |«0-50|  -  |0. 06-0. 2 

3-60| *0-50|  -  I         <0.06 


_L 


I 


AVAILAELE     I    SOIL 
WAT-R  CAPACITY IREACTION 


■  UN/IN) 


J LEtU J 


0.15-0. IS 
C.l 3-0.19 
0.12-0. IS 


17.9-5.0 
I  7.9-9.0 
I  7.9-9.0 
I 
I 
_l 


SALINITY      I      SHRINK-      |cfiC t I C N  I  » I  NO      |CRGAM,| 
(MMH03/CM)|        SWELL         | F ACIGRS I ERCC . | M AT T _R     |. 


I 
J 


CCRKCS I  V ITY 


__aeb21__i__-l_!_l_efl__l_ie_Il_l-il-i--_l_CNCF2jj 


4-8 

4-a 

4-8 


iMCDtSATc  |.52|  El    4L   I 

I    H6H  |.37|  •      I    4L   I 

I    HIGH  |.43| J 1__ 

I  I     I 

I  I     I 


l__r__c__l--tl.it- 
I 


FLCCDING 


I. 


_L 


—t 1 


UGH  MT.F  TABU. 


I  ■t-_L-X-_i-.P«ti-J ££____- l_Jiil__.__i_l'-Y.|PCT-M  «l 


FF-vw.NCT 


__-_:-__,£_-_ 


__-_-___-._._ 


I  DEPTH  I    KIND    IKCNTHS  | CEPTH | H AR CNE3S | CEPTh  | H ARCNESS |  I N IT  .  | TOT AL I GSP |  FSC-T 

-LM.NTH-_.l_ifIJ I J LilNI  1 L_li_l-1 l_____l_l_J_l__-l__-____-- 

-I L__6-_ I I I = I ____£_) I l__z L l___l___-*__- 


SANITARY  FACILITIES 


EEPTIC  TANK 

ABSCSPT ION 

FIELDS 


SeWAGE 
LAGCCN 
AREAS 


SAM  TARY 
LANOFILL 
(TRENCH) 


SANI TARY 

LANDFILL 

( AREA) 


OAILY 

CCVEK  FCR 

LANDFILL 


SHALLOW 
[XCA  VATI  CNS 


CWELL INGS 

* ITHOUT 
eASEMCNTS 


DweLL INGS 
•  ITH 

eASEMENTS 


SMALL 
CCMMEKCI AL 
BUILDINGS 


LOCAL 

ROADS  AND 
STREETS 


LAWNS. 

LANOSCAPING 

AND  GOLF 

FAIRWAYS 


S-VfcR_-P_RC3  SLOWLY 


none:  SLIGHT 

RARE:   SEVERE-FLOODS 


nunc:  Slight 

RARE:  MCCfcfiATE-FLGOCS 


none:  slight 

RASE:  MCCERATt-FLbC-S 


_11_ 


PCCfi-HARC  TO  PACK 


INC-  SiTE  DEVELOPMENT 


MGDERATE-TGC  CLAYEY 


none: 
pare: 


SEVERE- SHRINK- SWELL 
SzVcR.-FLCUDS .SHR INK-SWELL 


NONE:   SEVERE-SHRINK-SWELL 

RARE:  ScVEfic-FLCCDS .SHRINK-SWeLL 


EXCAVATED 
PONDS 

AOUlFcR  FEC 


ncne:  severe-shr ink-swell 

rare:  SEVERE-FLOODS. -HRINK-SWELL 


SfcVERE-LCW  STRENGTH. EHRINK-SWELL 


cl.sicl:  moderate-excess  salt 
c.sic:  sevehe-too  clayey 


PEGICNAL  INTERPRETATIONS 


____IE__UC_l__-XtfiiJt 

PUCR-LLW  S  IRSNGTH.SHF I NK-SwcLL 


PuND 

RE3ERVCI R 

AREA 


EMBANKMENTS 

CIKES  A.NO 

LEVEES 


IRS IGATI ON 


TERRACES 

AND 

CIVERSICNS 


GRASSED 
WATEPWAYS 


IMCRLEAELE-EXCESS  FINE£ 


IMPROeAELE-EXCESS  FINES 


cl.sicl:  fair-tcc  cljyty.exc; 
c.sic:  pccr-icc  clayey 


____!£_  _J_____fc  ______ 


MCCERATE-H1RC  TO  PACK 


SEVE^-E-NC  WATER 


0_EP  TO  WATSR 


cl.sicl:  percs  slowly 
c.sic:  slow  intake, percs  slowly, 
erodes  easily 


EROCES    EASILY.  FERCS     £_C»LY 


EXCESS     SALT.EROC-S     EASILY, PERCS     SLOWLY 
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,fi-.RS-TJ.h-_...i;-V..-Pi'-i-I 


CAMF     AREAS 


PICNIC  ARFAS 


CL  .SICL  iNCSE:  M-D_KATe-PERC_  SLCI»LY 

C. SIC. NONE!  MCOeRATE-P-RCS  SLC»LY,TOC  CLAYEY 

►iAilfc:  SEVER. -FLGOOS 


cl.sicl:  MCOEfiATE-EXCESS  salt.percs  SLCKLY 
C.SIC:  MCOERATI-TCO  CLAYEY , E XCESS  SALT. 
PfcRCS  SLC»LY 


|  cl.sicl:  mcceratc-pcRls  sllblv texcsss  salt 

I      C.SIC:     MCDfcRATE-TQL     Cl  A  YcV  ,PoiC  _     SlCHLY, 
PLAVORCUNOS      |           EXCESS     SALT 
I 
1 

|     CL.SICL:     SLIGHT 
PATHS  |     C.SIC:     SEVEPE-_RCDES     EASiLY 

AND  | 

TRAILS  | 


-_ li 
I 
I 
I 


CAPABILITY     AND     Yl-LDS    PER     ACRE     LF     CPCPS     ANC     PASTURE         (UGH    LEVEL     K«KAClH£M  I 


CLASS-  |     CAPA- 

DETERM1MNG  |     BILITY 

PHASE  | L 

impel  iBS-i-US-- 

ALL  I     7S 

I 


CLASS- 

CET.fi*  ININC 

_______ 


CRD 
SYM 


EROSION 


_HiiARC_J._l.lMiI 


_«__ 


I  I  I  I  I 

I  I  I  I  I 

N1RR    TTr^.~InTrR     I  IP~lrrrRR~TTR7T~lNIRF      IIRR.     iNIriw     7lWh.     I  n7f  fi  "77  .-<N  . 


I 


I 


I 


I 


I 


__.-___-_______fi___I_ 

. J_L_I_____iL__!_ _______.___________-;.______- 


EQUIP. 


SEEDLINCl   WINCTH.I  PLANT    |      COMMON  TREES      ISIT 

___,__l____a___£__i_£__£_l_J ______ 


T^c-i  IC  (-LAM 


II IfcH- 


it. 


CL 

OFTl 

PH 


|  GRAIN 

.____ 
I V.  PC 

I 


CI  GRASS  t I  »ILO    |HAR_»C  I  C CNI F ER | SHrtUBS  | »fc TLAND I 3HALLC 

__J__l____i_.____J£____l£L___.__l l____j:__j______ 


1- 

_-_£_--__ 


CR  |  V. 

I 

I 

I 

I 

__i_. 

_____ 


PCCR|   FCCR 


_1 ______ 

»|CP_NLO   |* 

__ji_____i_ 


I  POOR 


i_______A-_l 

CCCLC   |»-TLA 

-J.Q-.-------- 

t-  L  L** 


______fi_ 

__________ 


V-  PLANT  COMMUNITY  1RANGELAM.  OR  F_R__T  IN.. fi. TORY  V 


CCM^CN  PL4NT   NAMi 


ALKA 

KEST 

GALL 

eLAC 

BIG 

SHAD 

CTH_ 

CTHE 

FOUR 

SAND 

THRF 


LI  SAC 

ERN  WH 

TA 
K  GREA 
SAGEes 
SCAL  = 
R  PERE 
ANNU 
*ING  S 

CROPS 

A*N 


ATC 
EATC 


USH 

NN  I 
AL 

«LT 
EcC 


COO  1/ 
2/ 

AL  FLRBS 

FCReS 

BUSH 


°LANT 
SYMSCL 

l_i.___.S_J.. 

SPAI 
AGSM 
HI  JA 
SAVEA 
AS  TH- 
AT.C 
PPFF 
AAFF 
ATCA2 
SPCR 
ARIST 


POTENTIAL  PROULCTION  (LBS. /AC.  DRY  WT  >  : 
FAVORABLc  YEAhS 
NORMAL  YEARS 
UNFAVORABLE  YEARS 


___,__.__,___- 

B__i_._M___:__;___-__UI___-_12£_____l__I___  _-___>___. 


l___i_it__Etii. 


RARE 


I  NCNE 


lb 
-0 
IS 
10 

10 

10 


1.250 

eso 
-___j 


-C 

5 
IS 
10 


IS 

5 


300 
17E 


FOOTNOTES 

1  UTILIZED  BY  CATTLE  AND  SHItP  IN  »INTER  AND  SPRING.  BLCAT  AND  PcRHAPS  FCISCMNG  MAY  RESULT  FROM 

2  NOT  USUALLY  UTILIZED  BY  CATTL-.  UTILIZEO  BY  SHEEP  IN  TH_  FALL.  UlNTcR  AND  SPRING. 


L_. 


.AT  ING  lei! 
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SOILS  SECT  SOIt 
OFFICIAL  FILE 

Tabl^   N-10    (con. ) 

SCIL    INTERPRETATIONS   R  E  C  C  R  O 


(UaU    a|«° 


KLRAUt:  24.  25 

REV.  MEC,  9-7* 

TVPIC  TCRSIFSAMMENTS. 


KIXEC.  MESIC 


SHEPPARD  SERIES 


THE  SHEPPARD  SERIES  ARE  VERT  DEEP,  SOMEWHAT  E XCESSI VELV-OR A INt.   SOILS  FCRMEO  IN  SANCY  MATERIAL  ON  ROLLING  UPLANDS  UNDER 

GALLETA.  SANC  CROPSEEC.  ANC  SALT6USH.  MAST  lb  £4  TO  5S  F.  AAP  IS  6  TC  12  INCHES.  FH   IS  130  TC  ISO  CAYS.  A  TYPICAL 

PROFILE  HAS  A  REDDI  SH- YELLOW  FINE  SAND  SURFACE  LAYER.  12     INCHES  TUCK.  THE  UNDERLYING  LAYER  IS  REDDISH- YELLCW  LCAMY  FINE 
SANC  TC  60  INCHES  CR  MCRE.  SLOPES  ARE  1  TC  12  PERCENT. 


CEPTh| 
(IN.ll 
I 


-£  S11FATEC  SOIL  PROPERTIES  JJ1. 


USCA  TEXTURE 


I 


FRACT|PEKCENT  CF  MATERIAL  LESS     IHOUIO  |PLAS- 
>3  INI  THAN  3"  PASSING  SIEVE  NC.   I  LIMIT  |TICIT» 

<pct)I    «      i n i 4jj i  200 i nam 


0-12IFS 
12-60|LFS 
I 
I 
I 


ISM 
ISM 


I 


I 


IA-2 
IA-2 

I 
I 
I 
_l 


I  100 
I  100 


I 


IOC 

100 


65-eo 
70- ec 


10-20 
15-2  = 


I 

|    NP 


CEPTH|CLAY  | 
(IN.)|(PCT  | 
l<2HM)l 


MOIST  BULK|  PfcRMEA- 
DENSITY    |  BILITV 
tv^CMjj L  UNyHFl. 


AVAILABLE     |    SCIL 
WATER  CAPACITY JREACTION 
UN/IN)      I    (PH> 


_L 


IVITY 


SALINITY  |  SHRINK-  | ERCSICN | ■ INO  |CRGANIC| 
(MHHGS/CM)|  SWELL  |FA,CTQRS  IEROO.  IMATTEW  I 
IPCTENT1ALI  K  I  T   IGROUPI   IPCT)   I  STEEL 1UKFETE 


0-i2|     2-5     I 
12-ecl    2-8    I 


tEtfiV.  £*£!_- 


I 


6.0-20 
6.0-20 


0.0S-0.07 
0.06-0  .08 


|7.«-8.4 

I  7.4-6. » 


± 


<2 
<2 


LCW 
LOW 


DURATION 


DEPTH     | 

■JMONThS  I  m> L 


-tlyH    >AT£P    TABLE 


I    C,E,»E,NT£S    PAN_1_ 


I- 10|     s     I 
l.iul         I 

I      I J_- 

I  I 
I  I 
J i 

.£££_££  ck 


I HIGH iBflflffiAlf 

I 


ISUESICENCc  iHYDlPCTEKT »L 


._!- 


I  l-t.i L 


KIND        IMCNTHS     |OEPTH| HARONESslDEPTh     I HARCNESS I  I N I T . | TOTAL  I  GPP |     FROST 

I HIM      I I      HM      I I  (1N»     KlK)     I LitliCJv. 

I I        -        I I     ?60 1 L_= I t.A,     I LtJ 


SAhll&BX  ta&ikllits 


^EFTIC  TANK 

AESCRPTIGN 

FIELDS 


StWAGc 
LAGCCN 
AREAS 


SANITARY 
LANCFILL 
(TRENCH) 


SEVERE-PCCfi  FILTER 


II 

II 

||    RCADFILL 

II 

.11 


CONSTRUCTION  MATERIAL 


1-7X:  SEVERE-SEEPAC-E 

7*X:  SEVERE-SEEPAGE. SLOPE 


1-8X:  MCOERATE-TCC  SANDY 

8-12X:  MCDERATfc-SLCFe.TOC  SANDY 


IMFROBAELE-E>CESS  FIKES 


IMFRCaAELE-E>CESS  FINES 


SANITARY 

LANCFILL 

(AREA) 


l-ex:  SLIGHT 

8-12X:  MCCERATE-SLOPE 


DAILY 

CCVER  FOR 
LANDF ILL 


l-e»:  FAIR-TCC  SANDY 

8-12X:  FA1R-TLC  SANCY. SLOPE 


II 
II 

||    TOPSOIL 
II 
J  J 


PCCR-TCC  SANCY 


EU1LC1NG  SITE  DEVELOPMENT 


SEVERE-CLTeANKS  CAVE 


II 

II 

II 

I |  PCND 
_||  RESERVOIR 

I  I  AREA 
-1J 


» ATEE  MANA ££  KENT 

l-ex:  SEVERE-SEEPACE 

8»x:  SEVERE-SEEPAGE .SLCPE 


SHALLOW 
EXCAVATICNS 


CWELL INGS 

WITHOUT 
BASEMENTS 


1-EX:  SLIGHT 

8-12X1  MODERATE-SLOPE 


II 

| | EMBANKMENTS 
|  |  OIKES  AND 
I  |     LEVEES 
_iJ 


SEVERE-SEEPACE.P1PINC 


DWELLINGS 

WITH 
CASEMENTS 


1-ex:  SLIGHT 

8-12X:  MLCERATE-SLOPE 


SMALL 
COMMERCIAL 
eulLCINGS 


1-4X:     SLIGHT 

4-eX:     hCCERATE-SLOPE 

84-x:     SEVefiE-SLCPE 


II 

||  EXCAVATED 

I  |     PONDS 

I IAQUIFER  FEC 

I  I 

II 
II 

||    DRAINAGE 
II 
_l! 


SEVERE-NL  WATER 


OLEP  TC  WATER 


LCCAL 

RCACS  ANC 

STREETS 


l-ex:  SLIGHT 

e-12X:  MCDERATE-SLCPE 


II 

II 

||   IRRIGATION 

II 

JJ 


CRCOGHTY.FA5T  INTAKE. SCIL  ELCWING 


LAWNS. 

LANDSCAPING 

ANC  GCLF 

FAIRWAYS 


l-ex:  MCCcRATE-CRCUCHTV 

8-liX:  MCOERAT&-OROUGHTY. SLCPE 


II 

I  I  TERRACES 

II  ANC 

II  DIVERSIONS 

_LL 


l-EX:  SCIL  EICWIKG 

S*X:  SLOPE. SCIL  BLOWING 


II 

| |     GRASSEC 

II    WATERWAYS 

II 


1-EX:  CRLUGHTV 

84X:  SLCPE. DROUGHTY 


LL 


REGION  jKUppfJEjAliflas.. 
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,  bkmmubm**.  omuiaina 


CAMP  AREAS 


SEVERE-TCO  SANCY 


PLAYGRCUNCS 


1-tx:  SEVERE-TCC  SANCY 

t+X:    SEVfcRE-SLCPE.TCC  SANDY 


SEVtRE-TCL'  SANCY 


SEVERfc-ICO  SANCY 


PICNIC  AREAS 


PAThS 

AND 
TRAILS 


CLASS- 
OETERMINlNG 
PHASE 


LABILITY  AND  YIELDS  PER  ACRE  OF  CROPS 
CAPA- 


akc  pasture tHigh  LEVEL  MAfcAfiBH£h3 


msauaflj 


N1RE      I1RR. 


M££_ll£fix 


Bififl    MRS* 


blBB    URRi 


MOBS    llRRt 


N1RR     lIRK. 


MBE.  LUEi 


TS 


fcCCBLAhe  SliJABltJm 


CLASS- 
DETERMINING 

■  Pr-A5£ 


ORO 
SYM 


PRGELEM 


ERCSION 
.£A2A££- 


MANAGEMENT 
tQUlP.     ISEEOLIKG 
J.IB11 I     MGRT'Y. 


as 

•INCTh, 

KA,Z,AfiC 


J POTENTIAL  PECCUCT1V1TY 

PLANT    |      CCMMON  TREES      |SITE 
CCHFETil UhLi 


NCNE 


TREcS  TC  PLANT 


I  NCNE 

I 
I 
I 


C1ES Itli. 

I  I 
I  I 
I  I 
I  I 
I  I 
I L 


— S£itlfc5- 


.-ltU_L. 


species 


toj. 


5F6HE5 


J L 


t3 


■XLCLiefi-bAflAlel  SkllAflikil 


CLASS- 
DETERMINING 

PHASE 


IGRA1N  t| GRASS  C.  I  KILO 

_l_5EEfi Lk£S 


ecUMIJAL  E£fi-BAEII*J-£tEB£hIS. 


J. 


POTENTIAL  AS  HABITAT  FCK; 


|V, 
I 

I 
I 
I 


IHARCMC  ICCNIt-dR  ISHHUBS 

EL«WIS-L 


»ETLAND|SHALLC«|CPENLC  IwCCDLC  I »ETL AND | R AKCELC 


PLANTS  I 


.£ IglLDLf   UlLDLF   I>1LCLF 


PCCR    | 
I 


PCCR|  PCCR 
I 


I 


V.  PCCR|V.  PCCK|V.  FOCP|V.  PCLRlv.  FCCfil  FCCR 


I 


I 


I 


_L 


I 


_L 


CCVMCN  PLANT  NAME 


AT1VE  PL 

PLANT 

SYMBOL 

tMSPM 


iTT    JF«hCELANj;    LB    FLPfcSI-WMieFSItfel-YXCEJAIxCbJ 

PEPCENTAGE  COMPCSIT1CN  tDRY  trElChTI  EY  CLASS  DETERMINING  PhASE 
XAP  t-8  |HUMMOCKY  |MAF  b-lc  | 


CLACK  GRAMA 

BLUE  GRAMA 

CRCPSEEO 

GALLETA 

INDIAN  RICEGRASS 

FCURkING  SALTBUSK 

MCRMCN-TEA 

KAEBITeRUSH 

SAND  SAGEBRUSH  1/ 

H1NTERFAT 


BCER4 
6CGR2 

SPORC 

HJ» 

CRHY 

ATCAi 

EPHEO 

CHRYS? 

ARFI2 

EULAb 


POTENTIAL  PRCOUCTICN  (LBS. /AC.  CRY  «1 
FAVORABLE  YEARS 
NCRMAL  YEARS 
UNFAVORABLE  YEARS 


-iZl 


575 


2:5 


750 


i2£_ 


FCCTNCTES 
A   ESTIMATES  eASEC  ON  ENGINEERING  TEST  DATA  CN  ONE  PEOCN  FCR  SAN  JUAN  CCLNTY, 
1   NOT  USUALLY  UTILIZED  BY  SHEEP  AND  CATTLE. 
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Table  N-10    (con.) 


SOIL   INTERPRETATIONS   RECORD 


MLRA(S):  37 

REV.  TLP.CWK,  i-7e 

TYPIC    HAPLARGIOS.     COARSE-LOAMY. 


MIXED.  MESIC 


SHIFRCCK  SERIES 


THE  SHIPROCK 
ELEVATIONS  R 
ANNUAL  AR  TE 
THE  SURFACE 
THE  SUBSTRAT 


SERIES  CONSISTS  OF  DEEP.  HELL  DRAINED  SOILS.  THEY  FORMED  IN  ALLUVIAL  OEPOSITS  ON  MESAS  ANO  PLATEAUS. 
ANGE  FROM  5600  TO  6400  FEET.  MEAN  ANNUAL  PREC I  PI T AT  I  Oh  RANGES  FROM  6  TC  10  INCHES.  MEAN 
MPERATURES  RANGE  FROM  SO  TO  S4  DEGREES  F,  ANO  THE  FROST-FREE  SEASON  IS  140  TC  160  DAYS.  TYPICALLY. 
LAYER  IS  PALE  BROWN  FINE  SANDY  LOAM  2  INCHES  THICK.  THE  SUBSOIL  tS  A  eSCWN  FINE  SANOY  LOAM  12  INCHES 

UM  IS  A  EROWN  AND  LIGHT  YELLOWISH  EROWN  FINE  SANDY  LUAM  TO  60  INCHES.  SLOPES  ARE  O  TO  IS  PERCENT. 

ESTIMATED  SCIL  FRCPERTIE 


OEPTH 
(  IN.) 


0-2 
0-2 
2-60 


OEPTH 
(IN.) 


0-2 
0-2 
2-60 


USDA  TEXTURE 


UNIFIED 


AASHTC 


SM-SC 
SP-SM 
SM-SC 


CLAY     |MOIST    BULK |     PERMEA- 
(PCT      |    DENSITY        J     BILITV 

<;2MM)l_(G^CM3j 1     UN/HR1. 

10-20|  |  2.0-6.0 

10-15  1  j  6.0-20 

10-20|  | 

1  I 

I  I 

I L 


|A-2. 
|A-2. 
|A-2. 

I 
I 
J 


FRACT|PEPCENT  OF  MATERIAL  LESS 
>3  IN|_I_A___-  PA,S§1N<;  SIEVE  N-t 

1ESJ.11 _ I Ifl I _fl L_2__> 

C       |     IOC  100  75-50       30-50 

0        I     100  100  65-85  S-30 

0        j      100  100  75-90       30-50 

I 


LIQUID 
LIMIT 


IPCAS- 
JTICITY 

UtBEg 


20-30 
1S-2S 
20-3C 


|NP-10 
|NP-5 
| NP- 1 0 

I 
I 


2.0-6.0 


AVAILABLE     |   SOIL    I  SALINITY  I  SHRINK-  | ERCS ION| W I  NO  |ORGANICl 

WATER  CAPACITY j REACT 10N| (MMHOS/CM) |    SWELL    I  FACTORS  I  Ef.  CD.  I  MATTER  | 

U>Y1NJ J (PH) | IPUTENTIALI  K  I  T  iGROUPl 


CORROSIVITY 


0.09-0. 12 
0.06-0.09 
0.09-0.  12 


|7.4-8« 
I  7.4-8.4 
|7.4-9.0 
I 
I 
J 


<2 
<2 
<4 


I 


LOW 
LOW 
LOW 


,24| 
•151 

.241 
I 
I 

_L 


I 


6  |. 
6  | 


L    I  CONCRETE 
HIGH    I   LOW 


FLOODING 


FPEgUEHCJ I DURATION 


-MCNE 


J_ 


I  DEPTH  | 

_UJSN.IaS_l_XF.TJ L 


_a__i±-__j_L__r____L 


I   CEMENTED  PAN  I ___££_  I  HYD  |POTENT-  L 


J___!_S L 


KIND   IMONTHS  | DEPTH | HARDNESS | DEPTH  | HARDNESS  I  1  NIT . | TOTAL  I GRP |  FROST 

I Li__U_l 1___-__J i  t  IN-    UlN)    I 1__£__J__ 


J ___- 


___-____- 


i    B  J Ul_- 


-A-IIARY    FACILITIES 


---b-JRUCTION    MATEF1M. 


SEPTIC     TANK 

ABSORPTION 

FIELDS 


0-8X:     SLIGHT 

8*X:     MCOE RATE-SLOPE 


FAIR-LCk    STRENGTH 


SEWAGE 
LAGOON 
AREAS 


0-7X:     SEVERE-SEEPAGE 

7+X:     SEVERE-SLOPE. SEEPAGE 


PCCR-E>CESS  FINES 


UNSUITEO 


SANITARY 
LANDFILL 
(TRENCH) 


SANITARY 

LAfOFILL 

(AREA) 


o-ex:    SLICHT 

8  +  X:     MODERATE-SLOPE 


o-ex:  gcoo 

e*x:     FAIR-SLOPE 


DAILY 
COVER  FOR 

LANDFILL 


o-ex:   gocc 

8+*:     FAIR-SLOPE 


!__!__{____________ 


PONO 

RESERVOIR 

AREA 


0-6X:    SEEPAGE 

6  +  X:     SLCPE.SEEPA6E 


dUILDING    SITE    DEVELOPMENT 


SHALLOW 
EXCAVATIONS 


o-ex:     SLIGHT 

8*X:     MODERATE-SLOPE 


FAVORAELE 


EMBANKMENTS 

DIKES  ANO 

LEVEES 


DWELLINGS 

WITHOUT 
BASEMENTS 


o-ex:  SLIGHT 

8+X:  MODERATE- SLOPE 


NO  WATER 


EXCAVATED 

PONDS 
AQJIFER  FEO 


DWELLINGS 

WITH 
BASEMENTS 


o-ex:  SLIGHT 

8  +  X:     MODERATE-SLOPE 


0-2X:  FAVORABLE 
2+x:  SLCPE 


ORAINAGE 


SMALL 
COMMF.RCIAL 

BUILDINGS 


0-4X:     SLIGHT 

4-8X:     M0OERATE-SLOPE 

8+X:     SEVERE-SLOPE 


0-2X:     CROUGHTY.SCIL    BLOWING 

2+X:     SLCPE. DROUGHTY  .SOIL     BLOWING 


IRRIGATION 


LOCAL 

ROADS  ANO 
STREETS 


o-ex:  SLIGHT 

8*X:    MOOERATE-SLOPE 


TERRACES 

ANO 

DIVERSIONS 


o-ax:    soil  blowing 
e+x:    slcpe. soil    blowing 


LAWNS. 

LANDSCAPING 

AND  GOLF 

FAIRWAYS 


GRASSED 
WATERWAYS 


RE6ICNAL  INTERPRETATIONS. 
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SHIPROCK     SERIES 


Table  N-10   (con.) 

.S£iS&ATlSNit_B£Y£l.QE>!£NI_ 


CAMP    AREAS 


o-eat:    SLIGHT 

6*x:      MOOERATE-SLUPE 


PLAYGRCUNOS 


0-2X:  SLIGHT 

2-eX:  HCDERATE-SLOPE 

6+X:     SEVERE-SLOPE 


o-ex:    SLIGHT 

B+X:     MODERATE-SLOPE 


PICNIC  AREAS 


PATHS 

AND 
TRAILS 


■CAPAB 


LITY  ANO  YIELDS  PER  ACRE  CF  CROPS 


AND  PASTURE (HIGH  LEVEL  MANAGEMFNJ 


16) 


CLASS- 
OETER MINING 
PHASE 


CAPA- 
BILITY 


0-2X  SL.FSL 
2-SX  SL.FSL 
5-8X    SL.FSL 

a+x 

0-2X  LS.LFS 
2-SX    LS.LFS 


7E 
7E 
7E 
7E 
7t 
76 


XBfiiiNisa. 

2E 

3E 

♦e 

3E 
4E 


ALFALFA 

HAY 

-HgNS)     . 


lfiR, 


7.0 
7.0 
6.4 

6.6 
o.6 


CORN 
SILAGE 

17QNS) 


N1RR     ]  |«g_».. 


GRAIN 

SORGHUM 

<BU) 


-        I 


I  21 
I  2» 
I     19 


Miae 


I    is 

I     18 


_L 


lERi   LUIBE 


107 

107 
102 

94 

94 


-AQOPUANQ   SUITABILITY 


1AUM). 


IFF  ■ 


14 
14 
12 

13 

13 


-iuia. 


MRR     1  IRRt 


_L 


xayj 


N.IPR 


MS 
119 
11  1 

105 
10S 


IHEj 


700 
700 
700 

630 
630 


NlftP     I IRRt 


CLASS- 
DETERMINING 
EHA_5E 


ORG 
SYM 


MANAGEMENT    PROBLEMS 


EROSION 

H*ZARP 


EOUIP. 


SEEOLINGl  KINOTH. 
MCRT'Y.I  HAZARD 


PLAKT 

COMPET. 


POTENTIAL    PRODUCTIVITY 
CCMMCS    TREES  .  |S  ITE 

LUSPJS, 


TRECS     TO    PLANT 


NONE 


_L 


RMIN'G    PHASEl 


miMBEABa- 


CLASS- 
OETER  MINING 
PHASE 


NIRR 

0-2X    LS.IRR 

2-SX    LS.IRR 

0-2X  SL.FSL.  I  BR 
2-SX  SL.FSL. IRR 
S-8X    SL.FSL. 


_SE£C_JJi5 

ORIENTAL    AR30RVITAE 
MULT  I  FLORA    ROSE 


H SE§£1£S 

1  0  I  SIBERIAN  ELM 
4   IHONEYLOCUST 

I 

I 

I 
__1 


AS 

45 


_5££CiE_s._ 


cUL 


.species— 


_Lai 


RUSSIAN-OLIVE 
ROCKY    MT.     JUNIPER 


201  COMMON    HACKBERRV 
23| EASTERN    REOCEOAR 

I 

I 

I 
__l 


|45 
120 


.-■UgliFr,    HftfllTAj    §UlIAfli.l.ITT 


POTENTIAL  FUR  HABITAT  ELEMENTS 


GRAIN  t|  GRASS  t.\      ■  1LO    |HARDWD  |  CONI FER I  SHRUBS 
5SEB ILEGUME  I   t-ERB.   I  TREES  IPLANTS  I 


.1 gaiENUftL    AS   HABITAT    EOBJ 


FAIR 
GOOD 
FAIR 
FA 


POOR 
POOR 
POOR 
POOR 
POOR 


.EC. 


COMMON    PLANT    NAME 


POOP | V.     POOfil 

FAIR        J     GOOO        | 

I     GOOD        | 

|     GOOO        | 

|     GOOO        J 

I     GOOD I     POOR         I 

TENTIAL    NATIVE    PLAh 
PLANT 
SYMBOL 
J-NLSPN.j_ 


|  POCH 

I  POOR 

|  POOR 

|  POCR 

|  POOR 

I  POOR 


■  ETLANO  |  SHALLOW  I  OPENLD 

EUAWI5-J-aAl£R_iaJU.BU£ 

POOR        |V.     PCCR|V.     POO 

I     PCCR        J     FAIR 

jv.    PCCR  |     FAIR 

I     PCOR        |     FAIR 

jv.     POOR  |     FAIR 


|  arOODLD      |  ZETLAND  |  RANG  ELD 
IWILOLF     IHILDLF     IWILOLF 


R| 


FAIR 
POOR 
GOOO 
FAIR 

1  POOP 


IV.  POORI  FAIR 
SGELAND  OR  FOREST  UNCERSTCRY  VEGETATIt. 


|V.  P0CR|  PCOR 

I  PCOR    |  POOR 

IV.  PCOR |  POOR 

I  FAIR    |  POCR 

|V.  POOR  J  POOR 

IVi  PCQPI  Pqqp 


hi. 


■INTERFAT 

GIANT  OROPSEEO 

SAND  OR OP SEED 

INOIAN  RICEGRASS 

OTHER  PERENNIAL  FORBS 

BLUE  GRAMA 

NEW  MEXICO  FEATHERGRAS 

BIG  SAGEBRUSH 

GALLETA 

LONGLEAF     EPHEDRA 

FOURMING  SALT8USH 

SANO  BLUESTEM 

LITTLE  BLUESTEM 

SANO  SAGEBRUSH 

siQE.gA.Ts  GRaaa 


EULAS 

SPGI 

SPCR 

CRHY 

PPFF 

B0GR2 

STKC2 

ARTR2 

HI  JA 

EPTR 

ATCA2 

ANHA 

ANSC2 

ARFI2 


.J_2QCJJ_ 


SITIOM    tCPT    tiJiMZl    8T    Zl^ii 


ilNING    PHASE 


5 

10 
5 

2S 
S 

20 
S 
5 
5 
5 

10 


10 

5 
IS 

5 
S 
5 


5 

5 
IS 
IS 

s 
_L2_ 


POTENTIAL  PRODUCTION  (LBS. /AC.  OSY  *T  »  : 
FAVORABLE  YEA3S 
NCRMAL  YcARS 
UNFAVORABLE,  liASs, 


900 

600 

Jfifl- 


-L 


1200 

eoo 
4QQ_ 


FOOTNOTES 
A   ESTIMATES  OF  ENGINEERING  PROPERTIES  EASED  ON  ANALYTICAL  OATA  OF  8  PEDONS  FROM  SAN  JUAN  COUNTY.  NE*  MEXICO 
8   PREDICTED  YIELDS  BASED  ON  SPRINKLE  METHOD  OF  IRRIGATION  CNLY. 
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SOILS  SECTION 

Tab#«0   Un.) 


^-~cp/ 


3  k0 


UT0668 

MLRA(S):     37 

REV.    AJE.JER.     7-79 

TVPIC    NATRARG10S.     FINE-LGAMY, 


SCIL   1NTERPRETAT 


MIXED.  MESIC 


C  H     S   R  £  C  O  R 


UFFENS  SERIES 


THE  UFFENS  SERIES  CONSISTS  OF  DEEP.  WELL  OR 
VALLEV  BOTTOMS.  SIDE  SLOPES.  ALLUVIAL  FANS 
A.A.A.T.  RANGES  51  TO  SS  F.  A.F.F.S.  RANGES 
BROWN  VERY  FINE  SANOY  LCAM  9  INCHES  THICK. 
SUBSTPATUM  IS  PALE  BROUN  SANDY  CLAY  LOAM  TO 


AINEC  SOOILM  AFFECiLO 
AND  SWALES.  ELEVATILNS 

140  TO  160  OAVS.  TYP1 
THE  SUBSOIL  IS  ERGHN  A 

60  INCHES.  SLOPES  RAN 


SOILS  FORMED  IN  ALLUVIUM  FRC 
RANGE  5600  TC  6400  FEET.  A. 
CALLV,  THE  SLRFACE  IS  A  PALE 
NC  LIGHT  BRCWN  CLAY  LOAM  11 
GE  FRCM  0  TC  a  PERCENT. 


M  WEATHERED  SHALE 
A. P.  RANGES  t    TO  1 
BRCWN  ANO  LIGHT  Y 
INCHES  THICK.  THE 


ON  UPLAND 
O  INCHES. 
ELL0W1S^ 


DEPTH 
(IN.) 


USCA  TEXTURE 


■ESTIMATED  SOIL  PPtEEBl 
AASHTC 


i££_ 


FRACT| PERCENT  CF  MATERIAL  LESS 
(PCT)I   4 | U I AO |  2.QQ 


L10UIC 
LIMIT 


|FLAS- 

ITICITY 

UhCE 


0-S 
0-9 

9-2  0 
20-60 


FSL.  VFSL 

SCL.  L.  SIL 

SCL.  CL.  SICL 

SCL.  La  CL 


ISM, 
ICL, 
|CL 
ICL 


ML,  CL-MLi 
CL-ML 


SM-SC 


A-4 

A-6. 

A-6 

A-6 


CEPTH 
I  IN.  ) 


CLAY  |MOIST  BULK 
(PCT  I  DENSITY 
<2MMll   IG/CM3) 


I  100 

|  100 

I  100 

j  100 
I 


100  80 

loo  as 

ioc  e 

100  85 


-40  45-55 

SS  55-75 

-SS  65-65 

S5  55-75 


20-30 
2S-3S 

30-40 
3  0-4  0 


PERMEA- 
BILITY 


AVAILA 

■ATER  CA 
LLUCL 


BLE 
PACITV 


SCIL    |  SALIN 

REACTION! (MMHOS 

«F"> I 


ITY     |     SHRINK-     IcRCSICNlalNO 
/CM) |        SWELL        iFACTOESlEROD. 
IPLTENTIALI     K     |     T      |GB£Aj£ 


|NP-10 
I  S-IS 
110-20 
IIO-IE 
I 
J 


ICRGAN1CI  CORRCSIVITV 

I  MATTER     j 

I      IPvTl.l      576EW ICCNCRETE 


0-9 

0-9 
9-20 
•O-fcC 


A. 


10-201 

15-25| 

25-351 

0-30| 

I 


2.0-6.0 
0.6-2.0 
0.2-0.6 
0.2-0.6 


.08-0, 
.13-0. 
.05-0, 
.05-0, 


7.4-6.4 
>7.3 

>e.4 
>e.4 


_L 


4-8 
4-8 
>16 
>16 


|  LCIi  l.iOl      1      |        3 

j  LCW  1.28 |     1      |        6 

|MCDERATE     1.32  1  I 

j MODERATE      I .28 j 
I  I  I 

J 


I     .5-1 

I     .5-1 
J 


I blit. 

I 


.tlih__ 


_L 


—  FfiSQuEtsCy 1 ayBAHflH [MiiNJHS. 


NCNE 


_L 


hlSM  HATER  TABLE L_ 

DEPTH  |    KIND   |MONTHS  |D 

1  tfTJ I I Li 


I  ?tii I. 


_L 


_L 


HEHTEP  PAW  | EEGFCCjc 

EPTH|HARONESS| depth  Ihardnes 

in)   i I  nm  i 


.J_ 


i  ita 


|HYO|PCTENT«L 
S| INIT. I TOTAL|GRP I  FRCST 

HIM    lUM    I I    ACTIO 


J r. 


_L_fi_J LCJ_ 


SEPTIC     TANK 

ABSCRPTICN 

FIELDS 


5ANJJABX_£A11L1JI£S- 


tCNSTRUCTHCN   MATERIAL 


SEVERE-PERCS    SLCWLV 


FAIR-LCIt    STRENGTH, SHRINK-SWELL 


SEWAGt 

LAGCON 
AREAS 


0-2X:  SLIGHT 

2-7X:  MCCERATE-SLOPE 

7*X:  SEVERE-SLOPE 


IMPRC8AELE-EXCESS  FINES 


SEVERE-EXCESS  SALT 


INFRCSAELE-EXCESS  FINES 


SANITARY 
LANDF ILL 
(TRENCH) 


PCCR-THIN  LAYER 


SANITARY 

LANDFILL 

(AREA) 


DAILY 

COVER  FCR 

LANDFILL 


■UUt  MNACEMENJ- 


POND 

RESERVOIR 

AREA 


0-3X:  SLIGHT 

3-8X:  MCDERATE-SLCPE 


BU1LCING  SHE  DEVELOPMENT 


SEVERE-EXCESS  SALT 


SHALLOW 
EXCAVATIONS 


EMBANKMENTS 

CIKES  ANO 

LEVEES 


MOOERATE-SHR INK- SWELL 


SEVERE-NC  WATER 


DWELLINGS 

WITHCUT 
BASEMENTS 


EXCAVATED 

PONDS 

AQUIFER  FEC 


MOOERATE-SHR INK- SWELL 


DEEP  TO  WATER 


DWELLINGS 

WITH 
BASEMENTS 


SMALL 
COMMERCIAL 
BUILDINGS 


0-4X:  MCDERATE-SHRINK-SWELL 

4-8X:  MOOcRATe-SHMlNK-SWELL. SLOPE 


IRRIGATION 


o-3x  scl.l.sil:  crcughty 

2**    scl.l.sil:  ORCUCHTY.SLCPE 

0-3 X  FSL. VFSL :  DROUGHTY , SOIL  BLCWING 

3*X    FSL.VFSL:  CnOUGHTV.SCIL  ELCWING. SLOPE 


LOCAL 

RCADS  AND 
STREETS 


MOCERATE-LOW  STRENGTH .SHR I NK-S WELL 


TERRACES 

AND 
DIVERSIONS 


scl.l.sil:   favcrable 
fsl.vfsl  :   soil  blowing 


LAWNS. 

LANDSCAPING 

AND  GOLF 

FAIRWAYS 


MOCERATE-EXCESS  SALT . DROUGHTY 


EXCESS  SALT.CROUGHTV 


GRASSED 
WATERWAYS 


REG1CNAL  INTERPRETATION? 
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UFFENS  SERIES 


CAMP  AREAS 


fsl.scl:  moderate-excess  salt 
vfsl.l.sil:  mcoerate-dustv .excess  salt 


Table   N-10    (con.) 

RECREATIONAL  M.tmP.EI.7 


PLAYGROUNDS 


0-2*:  MODERATE-EXCESS  SALT 
2-e**  MODERATE-EXCESS  SALT .SLOPE 
t*t:    SEVERE-SLCPE 


fsl.scl:  moderate-excess  salt 
vfsl.l.sil:  mooerate-excess  salt.oustv 


PICNIC  AREAS 


PATHS 

ANC 
TRAILS 


fsl.scl:  slight 
vfsl.l.sil:  moderate-dlsty 


CAPAB 


L   ITY  and  yields  per  acre  cf    creps 


ANC  PASTURE 


hIGH  LgVEL  eAfeAsemM 


CLASS- 
OETERMINING 
PHASE 


CAPA- 
BILITY 


NlfifillRR 


mae 


IRRi 


UlRfi 


!&&• 


NIRfl      I1RR. 


N1RR      UBflLl 


mac  ma* 


Mlfifl    LiBRa 


mflfl  UflRi 


7S 


CLASS- 
DETERMINING 
PHASE 


0R0 
SYM 


lOCflvAbC  SUITABlLlTr 


EROSION 
H.AJAHO 


EQUIP. 

LULU 


SEEDLING 
MCRI'Y. 


.EflTfcNTlAi  EBflmgxutiax 


■INOTH, 
HAZARO 


PLANT 

.COMEfcJi 


CCMMCN  TREES 


SITE 

IhCH 


TREfcS  TO  PLA*T 


iiNPeReAKS, 


CLASS-DETERMIN'G  PHASE 


SPEC,  Its 


iJJ 


SPECIES 


X 


tn 


species 


txi. 


SPEtifcS... 


J L 


tl 


CLASS- 
OETERMINING 
PHASE    _ 


1ILBUFE    HAflim_aUJIAJijLJJ 


PCTENTIAL    FCR    HABITAT     £LEM£MS 


J eniEhiiAL   Ag  HABITAT  CfiBJ 


GRAIN  HGRASS  C\     SILO    |HARO»C  |  CONIF  ER  |  SHRUBS 
_5££0 iLtGUME  I  HERB.  I  TREES  IPLANTS  I 


•  ETLANDlSHALLCS  lOPENLO  lnOOliLU  | »ETLANO | RANGELO 
PLANTS  I  »AT£K  IHLDLF  I.ILOLF  iBlLCLF  UlLCLF 


V.  POOR | V.  POOR  I  V.  POCR I 


I 


-L 


I 


|v.  POCR 
I 


PCCR   |V.  PCCR|V.  PCCR| 


I 


.1. 


I 


_L 


|V.  PCCR|V.  PCCR 
I  I 
I  I 
I  I 
I  I 
J I 


PCTEMTIAL   HATIVE   PLAHT    tHMBIUU    IMNGSLAhC   0B_£flS£5T    WhBEPSTCBT    VEfiEJLAlitAX. 
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SELECTED  GOVERNMENTAL  COAL  MINING  REGULATIONS  APPENDIX 

Federal  Regulations 

TITLE  43— PUBLIC  LANDS,  INTERIOR 

CHAPTER  II— BUREAU  OF  LAND  MANAGEMENT, 
DEPARTMENT  OF  THE  INTERIOR 

PART  3040— ENVIRONMENT  AND  SAFETY 

SUBPART  3041— SURFACE  MANAGEMENT 

FEDERAL  COAL  RESOURCES 

Section  3041.0-1  -  Purpose 

(a)  The  purpose  of  this  subpart  is  to  establish  rules  and  regulations  to  be 
followed  in  the  management  of  the  federally  owned  coal  estate  consistent  with 
the  policies,  goals,  and  objective  established  by  the  acts  cited  in 
section  3041.0-3  of  this  subpart,  regardless  of  surface  ownership,  to  assure 
effective  and  reasonable  regulation  of  surface  coal  mining  operations  in  accord- 
ance with  the  requirements  hereof,  as  an  appropriate  and  necessary  means  to 
minimize  so  far  as  practicable  the  adverse  social,  economic,  and  environmental 
effects  of  such  operations. 

(b)  It  is  the  policy  of  the  Department  to  encourage  the  development  of 
federally  owned  coal,  where  such  development  is  authorized,  through  a  program 
that  will  provide  for  the  protection,  orderly  development,  and  conservation  of 
Federal  mineral  and  nonmineral  resources  in  a  manner  that  will  avoid,  minimize, 
or  correct  adverse  impacts  on  society  and  the  environment  resulting  from  coal 
development,  without  undue  duplication  or  administrative  delay  by  Federal 
officers.   It  is  also  the  policy  of  the  Department  to  issue  leases,  permits,  and 
licenses  for  coal  only  where  reclamation  of  the  affected  lands  to  the  standards 
set  forth  herein  is  attainable  and  assured  and  a  reclamation  program  will  be 
undertaken  as  contemporaneously  as  practicable  with  operations. 

Section  3041.1-2  -  Preliminary  Data 

(a)  Any  application  for  coal  lease,  permit,  or  license  filed  pursuant  to  the 
regulations  in  this  chapter  shall  contain  preliminary  data  (in  lieu  requirements 
also  described). 

(b)  Such  preliminary  data  shall  include  (1)  maps  of  the  topography  of  the  land 
applied  for;  its  physical  features,  roads,  and  utilities;  and  proposed 
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exploration  and  mining  operations  and  (2)  a  narrative  statement  covering 
proposed  exploration  operations  and  mining  method;  existing  land  use;  known 
geologic,  visual,  cultural,  or  archeological  features;  known  habitat  of  fish  and 
wildlife  that  may  be  affected  by  the  proposed  operations;  and  proposed  measures 
to  prevent  environmental  damage  and  public  hazard  and  to  reclaim  the  surface. 

Section  3041.2-2  -  Obligations  and  Standards  of  Performance 

(a)   Any  operator  who  accepts  a  coal  base,  permit,  or  license  shall  comply  with, 
and  be  bound  by,  the  general  obligations  and  standards  of  performance  set  forth 
in  this  section  and  such  additional  and  more  stringent  specific  requirements  as 
may  be  contained  in  the  terms  and  conditions  of  such  lease,  permit,  or  license. 

(d)   The  operator  shall  take  visual  resources  into  account  in  the  planning, 
design,  location,  and  construction  of  facilities  and  shall  take  action  to 
minimize,  control,  or  prevent  damage  to  the  recreational,  cultural,  scientific, 
historical,  and  known  or  suspected  archeological  and  paleontological  values  of 
the  land. 

(f)  (1)  The  operator  shall  reclaim  affected  lands  pursuant  to  his  approved 
plan,  as  contemporaneously  as  practicable  with  operations,  to  a  condition 
capable  of  supporting  all  practicable  uses  which  such  lands  were  capable  of  sup- 
porting immediately  prior  to  any  exploration  or  mining,  or  equal  or  better  uses 
that  have  been  approved  in  accordance  with  this  subpart. 

(2)  The  operator  shall  replace  overburden  and  waste  materials  in  the  mined  area 
by  backfilling,  grading,  or  other  means,  so  as  to  cover  all  toxic  materials  and 
eliminate  high  walls  and  spoil  piles  and  restore  the  approximate  original 
contour.   The  operator  shall  use  all  available  overburden  or  spoil  material  to 
obtain  the  lowest  practicable  grade,  which  shall  in  any  event  be  less  than  the 
angle  of  repose.   Excess  overburden  or  other  spoil  material  shall  be  fully 
reclaimed. 

(3)  The  operator  shall  stabilize  and  protect  all  surface  areas,  including  spoil 
piles,  affected  by  the  coal  mining  and  reclamation  operation,  to  effectively 
control  slides,  erosion,  subsidence,  and  attendant  air  and  water  pollution. 

(4)  The  operator  shall  remove  topsoil  separately,  for  replacement  on  the  back- 
fill area,  and  if  not  so  utilized  immediately,  segregate  it  in  a  separate  pile 
from  other  spoil.   When  topsoil  is  not  to  be  replaced  on  a  backfill  area  within  a 
time  short  enough  to  avoid  deterioration,  the  operator  shall  establish  and  main- 
tain an  approved  quick  growing  vegetative  cover  or  employ  other  approved  measures 
so  that  the  topsoil  is  protected  from  wind  and  water  erosion  and  establishment 

of  noxious  plant  species,  and  is  in  a  condition  for  sustaining  vegetation  when 
used  during  reclamation.   If  topsoil  is  of  insufficient  quantity  or  of  poor 
quality  for  sustaining  vegetation,  and  if  other  excavated  materials  can  be  shown 
to  be  more  suitable  for  revegetation,  then  the  operator  may  be  authorized  in  the 
approved  plan  to  remove,  segregate,  protect,  and  utilize  in  a  like  manner  such 
other  materials. 
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(5)   The  operator  shall  assure  that  water  impoundments,  water  retention 
facilities,  dams,  or  settling  ponds  have  been  set  forth  in  an  approved  plan,  and 
are  properly  implemented. 

(7)  The  operator  shall  utilize  the  best  practicable  commercially  available 
technology  to  minimize,  control,  or  prevent  disturbances  of  the  prevailing 
quality,  quantity,  and  flow  of  water  in  surface  and  ground  water  systems,  and  of 
the  prevailing  erosion  and  deposition  conditions  at  the  mine  site  and  in 
affected  offsite  areas,  both  during  and  after  coal  mining  operations  and 
reclamation. 

(8)  The  operator  shall  properly  treat  or  dispose  of  all  rubbish  and  noxious 
substances  and  all  waste  resulting  from  the  mining  and  preparation  of  coal  in  a 
manner  designed  to  minimize,  control,  or  prevent  air  and  water  pollution  and  the 
hazards  of  ignition  and  combustion. 

(11)   The  operator  shall  design  to  applicable  standards,  construct,  maintain, 
and,  when  no  longer  necessary  and  unless  otherwise  authorized  in  an  approved 
plan,  remove  all  roads,  pipelines,  powerlines,  and  similar  utility  access 
facilities  and  associated  bridges,  culverts,  and  ditches,  into  and  across  the 
site  of  operations,  in  a  manner  that  will  minimize,  control,  or  prevent  erosion 
and  siltation,  fugitive  dust,  pollution  of  water,  damage  to  fish  or  wildlife  or 
their  habitat  and  public  or  private  property. 

(13)  (i)   The  operator  shall,  except  where  other  reclamation,  based  upon  post- 
mining  land  use  and  not  requiring  revegetation  pursuant  to  the  requirements  of 
this  section,  is  expressly  provided  for  in  an  approved  plan,  establish  on 
regraded  areas  and  all  other  affected  lands  a  diverse  vegetative  cover  native  to 
the  area  and  capable  of  regeneration  and  plant  succession  at  least  equal  in 
density  and  permanence  to  the  natural  vegetation,  provided,  however,  that  the 
Mining  Supervisor,  with  the  concurrence  of  the  appropriate  authorized  officer 
may  allow  the  use  of  approved  mixtures  of  introduced  or  native  species  where 
preferable  to  achieve  quick  cover  or  assure  successful  revegetation.   In 
approving  such  mixture,  preference  will  be  given  to  nonnoxious  species. 

(ii)   The  operator's  responsibility  and  liability  under  his  performance  bond  for 
revegetation  of  each  planting  area  shall  extend  until  such  time  as  the 
appropriate  authorized  officer,  in  consultation  with  the  Mining  Supervisor  and 
the  surface  owner,  if  other  than  the  United  States,  determines  that  successful 
revegetation  in  compliance  with  paragraph  (i)  of  this  subsection  has  occurred, 
provided,  however,  that  this  period  shall  extend  for  a  minimum  of  5  full  years 
after  the  first  planting,  and  for  a  total  period  of  liability  not  to  exceed 
10  years  from  the  original  planting.   (In  certain  instances  this  period  of 
responsibility  may  not  apply.) 

(14)  (ii)   The  operator  shall  regulate  public  access,  vehicular  traffic,  and 
wildlife  or  livestock  grazing  in  all  areas  of  active  operations,  including  lands 
undergoing  reclamation,  in  order  to  protect  the  public,  wildlife,  and  livestock 
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from  hazards  associated  with  such  operations,  and  to  protect  revegetated  areas 
from  unplanned  and  uncontrolled  grazing.   For  this  purpose,  the  operator  shall 
provide  warning  signs,  fencing,  flagmen,  barricades,  and  other  safety  and 
protective  measures  as  may  be  necessary. 

Section  3041.5  -  Completion  of  Operations  and  Abandonment 

(a)   Grading  and  backfilling.   Upon  completion  of  backfilling  and  grading  as 
required  by  the  approved  plan  and  prior  to  replacing  topsoil  and  revegetation, 
the  operator  shalL  submit  a  report  thereon,  in  duplicate,  to  the  Mining 
Supervisor  and  request  inspection  for  approval,   whenever  it  is  determined  by 
such  inspection  that  the  backfilling  and  grading  has  met  the  requirements  of  the 
approved  plan,  the  Mining  Supervisor  shall  recommend  to  the  appropriate 
authorized  officer  release  of  an  appropriate  amount  of  the  compliance  bond  for 
the  area  satisfactorily  backfilled  and  graded. 

(c)   Permanent  abandonment.   Methods  of  abandonment  shall  be  approved  in  advance 
by  the  Mining  Supervisor.   Areas  affected  by  access  roads  will  be  graded, 
drained,  and  revegetated  in  accordance  with  the  approved  Mining  Plan  and  therein 
approved  postmining  land  use  prior  to  bond  release.   In  the  event  that  access  or 
haul  roads  are  intended  to  remain  after  abandonment  of  the  operation,  pursuant 
to  section  3041.2-2 (f) (11 )  of  this  subpart,  they  must  be  designed  and 
constructed  so  as  to  be  permanently  stabilized  using  adequate  drains,  water 
barriers,  and  other  practices. 
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TITLE  30— MINERAL  RESOURCES 

CHAPTER  II—  GEOLOGICAL  SURVEY 
DEPARTMENT  OF  THE  INTERIOR 

PART  21 L— COAL  MINING  OPERATING  REGULATIONS 

Section  211,75  -  Applicability  of  State  Law 

(a)   On  the  effective  date  of  this  part,  and  from  time  to  time  thereafter,  the 
Secretary  shall  direct  a  prompt  review  of  State  laws  and  regulations  in  effect 
or  adopted  and  due  to  come  into  effect,  relating  to  reclamation  of  lands 
disturbed  by  surface  mining  of  coal  in  each  State  in  which  Federal  coal  has  been 
leased,  permitted,  or  licensed.   If,  after  such  review,  the  Secretary  determines 
that  the  requirements  of  the  laws  and  regulations  of  any  such  State  afford 
general  protection  of  environmental  quality  and  values  at  least  as  stringent  as 
would  occur  under  exclusive  application  of  this  Part,  he  shall,  by  rulemaking, 
direct  that  the  requirements  of  such  State  laws  and  regulations  thereafter  be 
applied  as  conditions  upon  the  approval  of  any  proposed  exploration  or  mining 
plan,  unless  (i)  the  Secretary  determines  that  such  application  of  the  require- 
ments of  such  laws  and  regulations  would  unreasonably  and  substantially  prevent 
the  mining  of  Federal  coal  in  such  State,  and  (ii)  the  Secretary  determines  that 
it  is  in  the  overriding  national  interest  that  such  coal  be  produced  without 
such  application  of  such  requirements.   In  any  such  determination  of  overriding 
national  interest,  the  Secretary  will  consult  in  advance  of  such  determinations 
with  the  Governor  of  the  State  involved. 
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CHAPTER  VII— OFFICE  OF  SURFACE  MINING 
RECLAMATION,  AND  ENFORCEMENT 

DEPARTMENT  OF  THE  INTERIOR 

PART  700-GENERAL 

Section  700.1 — Scope 

(a)  This  chapter  sets  forth  the  rules  and  procedures  through  which  the 
Secretary  of  the  Interior  will  implement  the  Surface  Mining  Control  and 
Reclamation  Act  of  1977  (Pub.  L.  95-87).   The  Act  requires  the  Secretary  to 
establish  procedures  for  development  and  approval  of  programs  for  the  regulation 
of  surface  coal  mining  and  surface  effects  of  underground  coal  mining  in  each 
State.   The  Act  also  requires  the  Secretary  to  establish  an  initial  regulatory 
program  which  applies  limited  environmental  performance  standards  to  State, 
Federal,  Indian  and  private  lands  until  the  implementation  of  a  permanent 
regulatory  program. 

(b)  Regulations  authorized  under  Act  and  contained  in  this  chapter  include  but 
are  not  limited  to  ...  . 

(1)  Environmental  performance  standards  for  surface  coal  mining  and  reclamation 
operations  during  the  initial  and  permanent  regulatory  programs,  including  the 
assessment  of  civil  penalties; 

(2)  Inspection  and  enforcement  procedures  during  initial  and  permanent  regula- 
tory programs,  including  the  assessment  of  civil  penalties; 

(3)  Assistance  to  small  operators  meeting  permit  application  requirements  of 
the  permanent  regulatory  program; 

(A)   Requirements  and  approval  procedures  for  State  programs; 

(5)  Requirements  for  surface  coal  mining  and  reclamation  operations  on  Federal 
lands; 

(6)  Procedures  for  State  and  Federal  designation  of  areas  unsuitable  for 
surface  coal  mining  operations  and  lands  unsuitable  for  non-coal  mining; 

(7)  Conflict  of  interest  standards  for  State  and  Federal  employees; 

(8)  Requirements  and  procedures  for  approval  of  State  mining  permits  during  the 
permanent  regulatory  program; 

(9)  Requirements  for  posting,  release  and  forfeiture  of  performance  bonds; 

(10)  Standards  prohibiting  discrimination  against  employees  for  reporting 
violations  of  the  Act  and  regulations; 
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(11)  Procudures  for  administering  the  Abandoned  Mine  Reclamation  Fund, 
including  approval  of  State  plans  and  programs,  procedures  for  implementing 
Federal  programs;  and 

(12)  Procedures  for  grants  for  State  mining  and  mineral  research  institutes. 
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State  Regulations 

Section  1  -  Permit  Application  -  Fees 

A  permit  application  accompanied  by  a  written  mining  plan  and  signed  by  the 
operator  shall  be  filed  with  the  Director  of  the  State  Bureau  of  Mines  and 
Mineral  Resources  along  with  the  application  and  initial  acreage  fees  required 
by  Subparagraphs  1  and  2,  Subsection  A,  Section  7,  of  the  New  Mexico  Coal 
Surfacemining  Act,  Chapter  68,  Laws  1972,  hereinafter  referred  to  as  "the  Act." 
Duplicates  of  the  application  and  raining  plan  shall  be  filed  with  the  Director 
of  the  Environmental  Improvement  Agency. 

Section  2  -  Mining  Plan 

The  raining  plan  prepared  by  the  operator  for  approval  by  the  Commission  shall 
set  forth  the  following  information: 

F.  Topographical  maps  showing  drainage  before,  during,  and  after  mining. 

G.  Physiography  before  and  after  mining. 

K.   Present  and  future  land  use  of  study  site  and  pertinent  surrounding  land. 

I.   Summay  of  climatological ,  topographical,  soil,  water,  agricultural, 
wildlife,  and  other  data  pertinent  to  current  and  future  land  use  of  study  site. 

J.  Water  to  be  stored,  diverted,  or  used  and  resulting  pollutants. 

K.  Description  and  analyses  of  soils  in  the  area  to  be  mined. 

0.  Existing  depth  of  topsoil  in  affected  area. 

P.  Proposed  efforts  to  remove  and  preserve  topsoil  during  mining. 

R.   Description  of  existing  and  postraining  vegetation,  planting  times,  and  times 
for  growth  to  maturity. 

S.   Detailed  proposal  and  time  schedule  for  revegetation. 

V.   Plans  for  disposal  of  waste  materials. 

Section  5  -  Grading 

A.  Grading  shall  proceed  as  set  out  in  the  operator's  raining  plan.   Grading 
shall  be  da    integral  part  of  the  raining  operation  and  shall  be  completed  within 
a  reasonable  and  prescribed  time  limit. 

B.  Grading  shall  be  carried  out  so  as  to  produce  a  greatly  undulating 
topography  or  such  other  topography  as  is  consistent  with  the  proposed  end  use 
of  the  area  stated  in  the  approved  mining  plan. 
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C.  Grading  shall  be  done  in  such  a  manner  as  to  control  erosion  and  siltation 
of  the  affected  area,  surrounding  property,  and  water  courses. 

D.  Mining  and  grading  shall  not  affect  the  drainage  or  streamfiow  in  a  manner 
that  would  impair  or  be  detrimental  to  existing  water  rights  or  the  availability 
of  water  for  beneficial  use  in  the  State. 

E.  The  operator  shall  grade  the  affected  area,  construct  earth  dams  in  final 
cuts  of  all  operations,  or  take  whatever  measures  are  necessary  to  control  water 
which  is  sufficiently  toxic  to  be  dangerous  or  harmful  to  or  destructive  of 
plant,  animal,  or  human  life;  provided  that  a  dam  may  be  constructed  in  a  final 
cut  only  if  such  construction  and  impoundment  would  not  be  contrary  to  the  water 
laws  of  this  State. 

F.  Where  waste  material  is  to  be  deposited  within  the  affected  area,  such 
deposits  shall  be  in  such  designated  areas  and  within  such  schedules  as  are  set 
forth  in  the  approved  mining  plan  and  shall  be  covered  to  a  minimum  depth  as  set 
forth  in    the  approved  raining  plan.   The  operator  shall  commence  grading  and 
reclamation  of  that  portion  of  the  affected  area  to  be  used  to  deposit  waste 
material  immediately  after  cessation  of  the  depositing  of  waste  material. 

G.  Grading  of  access,  haul  or  support  roads,  and  final  cuts  as  shown  in  the 
raining  plan  may  be  excepted  of  deferred,  with  the  approval  of  the  Commission. 
Final  cuts  whose  grading  is  to  be  excepted  or  deferred,  must  be  graded,  to  the 
extent  necessary,  upon  the  order  of  the  Commission  if  the  Commission  determines 
that  the  ungraded  final  cut  is  (i )  interfering  with  drainage  or  forming  pools 
detrimentally  affecting  existing  water  rights  or  the  availability  of  water  for 
beneficial  use  in  the  State,  or  (2)  leaving  a  condition  which  may  cause  a  loss 
of  coal  resource  by  fire  or  excessive  oxidation. 

Section  b  -  Revegetation 

A.  Revegetation  shall  proceed  as  set  out  in  the  operator's  approved  mining 
plan.   Revegetation  shall  be  an  integral  part  of  the  raining  operation,  shall  be 
carried  out  to  the  extent  practicable  in  consultation  with  the  local  soil  and 
water  conservation  district,  and  shall  be  completed  within  a  reasonable  and 
prescribed  time  limit. 

B.  The  operator  shall  revegetate  the  affected  area  in  the  following  manner  for 
the  appropriate  end  use  stated  in  the  operator's  mining  plan: 

(I)   Forest  planting  -  The  type  of  trees  to  be  planted  shall  be  as  set 
forth  in  the  approved  raining  plan.   In  passing  upon  the  type  of  trees  to  be 
planted,  the  Commission  shall  consider  the  character  and  nature  of  the  soil,  the 
altitude,  the  temperature,  and  the  precipitation  at  the  site.   Planting  methods 
and  care  of  planting  stock  shall  be  governed  by  professionally  accepted 
reforestation  practices. 
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(2)  Range  -  The  vegetative  species  to  be  planted  or  seeded  shalL  be  as  set 
forth  in  the  approved  raining  plan.   The  character  and  nature  of  the  soil,  the 
natural  rainfall  and  the  intended  capacity  of  the  area  for  grazing  by  livestock 
fol Lowing  the  st ripraining  activity  shall  be  considered  by  the  commission  in 
passing  on  the  operator's  selection. 

(3)  Agricultural  or  Horicultural  Crops  -   Seeding  plans  and  planting  rates 
shall  be  set  forth  in  the  approved  raining  plan. 

(4)  Special  Projects  -  Affected  areas  to  be  developed  for  selected 
purposes  such  as  recreational,  residential,  industrial,  or  other  special  uses 
shall,  have  a  reclamation  program  suitable  for  the  specific  use  set  forth  in  the 
approved  raining  plan. 

C.  The  operator,  with  the  consent  of  the  Commission,  may  delay  planting  or 
seeding  the  affected  area  during  any  period  in  which  the  operator  is  conducting 
research  on  more  productive  methods  of  revegetation. 

D.  Revegetation  of  haulage  roads  shall  not  be  required  where  the  road  has  been 
adequately  surfaced  and  the  operator  or  owner  of  the  property  has  demonstrated 
to  the  satisfaction  of  the  Commission  that  the  roads  will  be  required  for  a 
substantial  use  after  stripraining  operations  have  terminated. 

E.  Upon  application  by  the  operator  concerning  any  portion  of  affected  area, 
the  Commission  shall  investigate  whether  the  operator  has  completed  the 
reclamation  set  forth  in  the  approved  mining  plan  or  if,  considering  the  natural 
condition  and  vegetation  prior  to  stripmining,  technical  and  economic 
practicability,  future  productivity  for  the  end  use  stated  in  the  approved 
raining  plan,  esthetic  appearance  and  peculiar  condition  of  the  geographic  area 
in  which  the  stripmine  is  located,  further  revegetation  efforts  are  justified. 
If  the  Commission  shall  determine  that  the  reclamation  set  forth  in  the  mining 
plan  has  been  completed  or  that  further  revegetation  efforts  are  not  justified, 
it  shall  certify  such  decision  to  the  operator  and  he  shall  thereupon  be 
released  from  further  reclamation  duties  with  respect  to  the  portion  of  affected 
area  concerned,  including  any  bond  relating  thereto. 
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SECTION  P 
VEGETATION  APPENDIX 

Field  notes  Ojo  Encino  vegetation  -  Dick-Peddie 
12/2/78 

1st  stop  NW  Sec .    3 

Photos  -  2  E  &  2  W 


Patches  of  Artemesia  tridentata  on  elevated  soil  blocks.     This  is 
deeper  more  friable  soil  and  less  clay. 

On  Flats 


Atriplex  obovata 
Hilaria  jamesii 
Bouteloua  gracilis 

Atriplex  rosea 
Atriplex  powelii 
Salsola  kali 

Drainages  and  Swales 

Sporobolus  airoides 
Sarcobatus  vermiculatus 
Ghrysothamnus  nauseosus 

var.  bigelovii 
Ghrysothamnus  greeni 
Gut.  saroth  -  occasional 


Dominant  perennials 


Annuals 


2nd  stop  south  edge  of  sec  3  east  quarter.   Photo 

More  Hilaria  jamesii  than  first  stop.  Going  north  along  section 
boundary  occasional  Indian  rice  grass,  Lycium  pal.,  Atriplex  can., 
Yucca  angust.,  Jun.  osteo. 

In  Sec.  5  similar  to  Sec.  3  stop 

Over  most  of  the  area  the  islands  of  Artemesia  are  elevated,  some- 
times on  rocky  benches. 

It  appears  that  most  of  the  elevated  areas  have  resulted  from  erosion 
between. 

There  are  occasional  clay  mounds  (miniature  buttes)  with  virtually  no 
vegetation.  These  are  most  numerous  on  Section  5- 


12/2/78 

1st  major  stop  (Photo  E  &  S,   W) 


o©c  * 


35 


36 
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Field  notes  Ojo  Encino  Vegetation  -  Spellenberg 

12/2/78  -  Ojo  Encino 

Flat  S  of  powerline.   Atriplex  saccaria,  A.  powellii,  A.  obovata, 
Art.  tridentata,  BG ,  H J ,  Sal.  paulsenii. 
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SECTION    Q 
HYDROLOGY   AND    WATER    SUPPLY   APPENDIX 
Tables 
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Tab  If  Q- 1 .   Surmary  of  average  monthly  and  average  annual 

runoff  volumes  during  the  period  October  1,  1977, 
to  September  30,  1980. 
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